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THE PROBABLE VALUE OF THE CONSTANT OF ABERRATION, 

By S. C. chandler. 



The general history of our knowledge of the value of 
the constant of aberration is familiar to astronomers. It 
has had some singular vicissitudes. A half a century ago 
this element was supposed to have been fixed by Struve 
with an accuracy which almost discouraged further investi- 
gation of it. Nye^n, in 1883, thoroughly unsettled this 
belief; and some ten years later, after the discovery of 
the inconstancy in the position of the pole — and especially 
after Doolittle's striking results had begun to inspire 
still greater distrust of Struve's value — all illusion of 
security vanished, the question was thrown wide open, and 
there was a renewal of active general investigation. The 
premature attempt of the Almanacs in 1896 to legislate 
upon the matter fortunately did not stifle, or even per- 
ceptibly retard this inquiry ; and it is now manifest that 
the conventional correction to Struve's value then hastily 
adopted is entirely insufficient, being not over a third of 
the correction really required. This is not a matter of 
mere individual opinion, but is, I think, the conclusion to 
which any astronomer must arrive upon examination of the 
very extensive material now available. For whatever 
divergencies of opinion there may be as to the relative 
weights of the various determinations, the number of these 
is now so considerable that even wide differences of judge- 
ment as to these weights can exercise little influence on 
the mean result, which comes out about the same however 
the weights are disposed; namely, somewhere between 
20'^.62 and 20'^.53. Moreover, the body of existing evi- 
dence is now so large that the addition of new determi- 
nations, as they from time to time appear in print, influences 
the mean result of all in a scarcely perceptible degree. So 
that it would seem that the time has nearly or quite arrived 
when a conventional value generally acceptable to astrono- 
mers can be decided upon, if desirable. 

During the past ten years the writer has made the 
scrutiny of all existing evidence bearing on the aberration- 
constant a matter of much care. To present the details of 
this revision, with a full statement of the reasons for the 



exclusion of many determinations and for the modification 
of the printed results for others, as well as the method of 
assigning weights, would unduly extend this paper. Never- 
theless some particulars on these points should be given, 
if only as a guide for others who may desire to review the 
ground for themselves, and exercise an independent judge- 
ment of the correctness of the present procedure, and how 
far differences of opinion as to details may affect the con- 
clusions here reached as to the real value of the constant. 

First, a list is given of t^e determinations, made from 
zenith-distances measured with meridian instruments, which 
I have not thought it allowable to employ in finding the 
mean value of this constant. 



Bessel {Fund., p. 123) ; 20*^.797 : and Peters (Recherehes) ; 

20^.522 : from Bradley's zenith-sector observations of 

y Draconis, 1764-56, at Greenwich. 
Avw^Bs(Monatsb,, Berlin Ak.,lS69)', 20^386: fromMoLY- 

NEux's zenith-tube observations of y Draconis, 1726-27, 

at Kew. 
AuwERS (Ibid,) ; 20''.460 : from Bradley's zenith-sector 

observations of thirteen stars, 1727-29, at Wanstead. 
BuscH (Oxford Memoir, 1838) ; from the same series as 

above, Kew, 20''.260, Wanstead, 20".206. 
Brinkley (Phil. Trans., 1821) ; 20^.372 : from his obser- 
vations with 8-ft. vertical circle at Dublin. 
Richardson (Mem. R. A. S., 1828) ; 20'.603 : Greenwich 

Mural Circle. 
Henderson (Mem. R.A.S., 1839) ; 20".41 : from zen. dist. 

of Siriiu at Gape G. H. 
Henderson {Ibid,, 1842) ; 20^.623 : from altitudes a Cen- 

tauri at Cape G. H. 
Maclear (i^w^., 1861) ; 20^631: from altitudes a C&n- 

tauri at Cape G. H. 
Maclear (Ibid,, 1862) ; 20".694 : from altitudes j8 Centauri 

at Cape G. H. 

(1) 
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Main {Ihid.j 1869-60) ; 20^.336 : from Greenwich Reflex 

Zenith-Tube, 1852-69. 
Downing {Hon. Not. XLIl).; 20^^.378 : from Greenwich 

Reflex Zenith-Tube, 1867-75. 
Thackbray {Mon. Not, LIX, p. 360) ; 20^.67 U.O., 20^^.30 

L.C., obsns. of Polaris, Greenwich, 1861-93. 

The principal reason for the exclusion of most of the' 
above series is that the aberration is inherently and neces- 
sarily indeterminate from them, irrespective of the quality 
of the observations themselves ; as I have shown in various 
. places ; see A.J, 287, p. 178 ; A. J. 427, p. 161 ; Mon. Not, 
LXII, p. 122. 

Secondly, I give a list of determinations from right- 
ascension observations which I have not employed. 

Bbssbl (Fund., p. 118-121) ; 20^.643 from Siriiis, Proeyon, 

Vega and Altair ; 20^756 from Polaris, Bbadley's 

observations. 
Stbuyb (Dorpat, 1822) ; 20^.349 ; and Pbtebs (Becherehes) ; 

20^^361 : differences R.A. of six oircumpolars observed 

by Stbuvb. 
Pbtebs (Num, Const, p. 56) ; 20^^.425, from Stbuve's and 

Pbbuss's Dorpat obsns. of Polaris, 1822-38. 
LiNDBNAu (AhhandL, Berlin Ak., 1841) ; 20*^.449 : R.A. of 

Polaris at various observatories, 1760-1816. 
Newcomb {Astron. Const, p. 138) ; 20^.65 : R.A. of Polaris, 

Washington, 1866-67. 
Newcomb {Ibid,, p. 139) ; 20^39 : R.A. of circumpolars, 

Greenwich. 
Thackebay {Mon, Not, LIX, p. 347) ; 20^42 : R. A., Polaris, 

Greenwich, 1861-93. 

The want of control of systematic diurnal changes in 
the instrument is the source of want of confidence in 
results for aberration found from right-ascensions. Whether 
this should go to the extent of exclusion of such results 
is of course a matter of opinion ; although I presume no 
one would be inclined to give them anything but a small 
weight. At any rate the only series I have retained are 
those with the Pulk^owa Transit, as hereinafter given. 

Thirdly, the determinations by means of prime^vertical 
transits'which have not been used are the two following: 

Hall {A,J. 169, p. 1) ; Newcomb {A.J. 263) : Washington, 

1862-67. 
Wanach (i4.iV^.3092); Pulkowa, 1890-91. 

The reason, in the first case, has been already referred 
to {A.J. 287, p. 178) ; and in the second, is found in 
Wanach's own remarks thereupon. 

Finally, of the determinations obtained by Talcott's 
method, the only ones not included are those for Waikiki 
(see A. J. 517, 518, 619), and Bethlehem for the year 1890. 



It will thus be seen that the number of the existing 
determinations of the aberration here excluded is twenty- 
four as against the forty -three employed, hereinafter given. 
Such a wholesale rejection of so large a proportion of 
observation, numerically considered, may on its face seem 
startling, arbitrary, and possibly indefensible; and to 
require for its justification a specific statement, in each in> 
stance, of the grounds therefor. It has not been done 
carelessly, however, but at the cost of labor of intimate 
examination quite as great as has been expended on those 
determinations which have led to positive results, and 
which have been actually employed in obtaining my final 
mean of this constant. I am sometimes inclined to suspect 
that some former collocations of the material for the same 
purpose hate been perhaps too cursorily made. Whether 
the dimensions of the limbo which I have constructed are 
too ample is a question that can not be decided off-hand ; 
and I feel justified in throwing the burden of proof upon 
those who are inclined to think that a higher weight than 
zero should have been accorded to some of the values that 
have here been left out of the account. I will only take 
space for the general remark that the constant with which 
we are dealing is one in which known sources of constant 
error exist that tend to operate in one direction, and that 
the means are not now at hand for applying corrections for 
them with any degree of confidence; so that the safer 
road lies in the direction of exclusion of results in which 
such vitiation is to be feared, rather than towards seeking 
to enlarge the number of available results, in the hope of 
balancing errors. 

We now come to the determinations employed in this 
investigation. These are given below, classified by the 
methods of observation, with such details as may be useful 
as to the data on which they rest, so far as they can be 
supplied. In the last column are the weights that I have 
been led to assign, according to the best judgement which 
I could exercise of all the circumstances bearing thereupon^ 
among which the quoted probable errors are of course only 
subordinate. This was naturally a most delicate and diffi- 
cult part of the task, as it always is in investigations of 
this sort at the point where computation has to be aban- 
doned and mere estimate resorted to of the relative pre- 
ponderance which should be allowed to the various collat- 
eral circumstances to be brought to this point of view. It 
is here that criticism finds a wide gateway to enter, and 
any dispute that may arise can with difficulty be rationally 
settled. Consequently it is fortunate that in the present 
case such differences of opinion can have little effect ; for 
it will be found from experiment that very considerable 
departures, within reason, may be made from the relative 
weights here used without perceptible influence on the 
final mean. 
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Observer 


Stotion 


Date 


Groups 


Pain 


Aberr'n 


p.e. 


Reference 


Wt. 


Kftstner 


Berlin 


• 84.5-^5.5 


_ 


244 


20.611 




W 


A. J. 429, 430, 433 


1 


Marcuse . 


Berlin 


89.1-90.7 


TX 


1762 


.490 


±0.012 


A.N.3016 


3 


Marcuse 


Berlin . 


91.1-93.0 


IX 


2831 


.507 


± 


.011 


B.d. in*. .SWm., 1899 


6 


Eistenpart 


Karlsruhe 


9^.8-94.6 


IV 


1978 


.499 




_ 


VJS. 29 


6 


Weinek and Gruss 


Prague 


89.2-92.4 


IX 


3062 


.504 


± 


.027 


A. J. 520 


6 


Becker 


Strassburg 


91.4-94.3 


VII 


386 


.476 


± 


.012 


VJS. 30 


2 


Davidson 


San Francisco 


91.4-92.6 


VIII 


6768 


.655 


± 


.021 


A. J. 520 


10 


Gill and Fearnley 


Cape G. H. 


92.1-94.2 


VI 


621 


.575 


± 


.008 


Mon.Not.,LVni 


4 


Fergola 


Naples 


93.4-94.5 


IV 


2271 


.533 




- 


Naples Acad., 1897 


8 


Schnauder and Hecker 


Potsdam 


93.9-98.0 


X 


4400 


.498 


± 


.016 


A. J. 620 


10 


Doberck 


Hongkong 


— 


— 


— 


.477 


± 


.040 


A.N. 3604 


2 


Stein 


Leyden 


99.4-00.5 


X . 


1590 


.641 


± 


.011 


Comm. g^od. N^erl. 


3 


Kowalski 


Kasan 


92.4-93.5 


IX 


1223 


.539 


± 


.023 


A. J. 620 


3 


Gratchew and Trozki 


Kasan 


93.6-95.0 


IX 


1684 


.622 


± 


.022 


A. J. 620 


3 


Gratchew 


Easan 


95.1^7.5 


IX 


2819 


.594 


± 


.018 


A. J*. 620 


6 


Rees^ Jaeoby and Davis^ 


New York 


93.3^94.5 


rv 


1774 


.467 


± 


.013 


A. J. 401 


6 


Bees and Davis 


New York 


94.5-96.0 


IV 


1081 


.453 


± 


.013 


A. J. 461 


6 


Bees and Davis 


New York 


96.0-98.0 


IV 


1839 


.469 


± 


.011 


A.J.451 


7 


Rees and Davis 


New York 


98.0-00.0 


IV 


1824 


.470 


± 


.011 


A. J. 474 


7 


Doolittle 


Bethlehem 


92.8-94.0 


XI 


2796 


.651 


± 


.009 


Pub. Sayre Obs. 1902 


4 


Doolittle 


Bethlehem 


94.1-95.6 


IV 


2690 


.537 




- 


Pub. Sayre Obs. 1901 


7 


Doolittle 


Philadelphia 


96.8-98.6 


IV 


3213 


.580 


± 


.009 


A. J. 453, 490 


10 


Doolittle 


Philadelphia 


98.7-99.9 


IV 


1919 


.640 


± 


.010 


A.J.490, U.P.Pub.II 


8 


Doolittle 


Philadelphia 


00.4-01.7 


IV 


2657 


.661 


±0.008 


A.J.509, U.P.Pub.n 


9 


Internal Service 


Six stations 


99.8-02.0 


XII 

Mean 


20302 


20.612 


' 


- 


A.N. 3808 


16 




20.523 


±0.006 




161 






Priboe Vbrtical Transits. 










Observer 


Place 


Date 


SUts 


Obsns. 


Aberr'n 


p.e. 


Reference 


Wt. 


Struve 


Pulkowa 


40.3-42.8 


7 


286 


20*60 : 




_ 


A. J. 296, improved 


3 


Nyr^n 


Pulkowa 


75.5-79.0 


4 


246 


.547 




_ 


A. J. 297, improved 


6 


ITyr^n 


Pulkowa 


79.9-82.1 


24 


566 


.521 




- 


A. J. 297, improved 


16 



Mean 



20.526 



24 



Mebidiait Zxnith-Distakobs. 



Pond 

Pond 

Strove and Preuss 

Peters 

Peters 


Greenwich 

Greenvicli 

Dorpat 

Pulkowa 

Pulkowa 


1812-19 
1826-36 
1822-38 
1842-44 
1842-43 


Pol. 

8 

Pol. 

Pol. 

7 


2629 

1144 

346 

416 


20.678 ±0.043 
.612 ± .019 
.561 ± .043 
.610 ± .021 
.467 


A. J. 620 
A. J. 616 
Lundahl, 1842 
A. J. 287 
A. J. 293 


1 

3 
2 

4 

1 


Oyld^n 


Pulkowa 


1863-70 


Pol. 


196 


.411* 
.469 f 


- 


A. J. 293, 298 


3 


Gyld^n and Nyr^n 

Nyr^n 

Becker 

Hall 


Pulkowa 
Pulkowa 
Strassburg 
Ann Arbor 


1863-73 
1871-76' 
1886-90 
1898-00 


10 
Pol. 
Pol. 
Pol. 

Mean 


182 
163 
658 
290 


.520 
.506 
-677 ± 
.68 ± 

20.614 


.033 
.03 


A. J. 298 

A. J. 293 

Ann. Strassb. Obs. I 

A.J. 618 


1 
4 
2 
1 

22 






Bight-Ascensions. 










Schweizer 
Wagner ^E&E) 
Wagner (Chron.) 


Pulkowa 
Pulkowa 
Pulkowa 


1842-44 
1861-72 
1861-72 


Pol. 
Pol. 
Pol. 

Mean 


396 
439 
429 


20.66? 
.60? 
.52? 


- 


A.J.444,462,A.N.3662 

n it U K 
(t ti u cc 


2 
2 
2 




20.63: 
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Obeenrer 


Place 


Loewy and Puiseux 


Paris 


Comstock and Flint 


Madison 



Pbisbcatio Apparatus. 
Date Pairs Obsns. Aberr'n 

1890-91 2 109 

1890-92 20 762 



p.e, 
20'447 ±0'024 



Reference 
Compt. Rend. CXII 1 

Publ. Washb. Obs. IX 4 



Mean 



20.48 : 



.Det. 


Aberration 


Wt. 


26 


20.523 


161 


3 


.525 


24 


10 


.514 


22 


3 


.63 : 


6 


2 


.48 : 


6 


43 


20.521 


208 




± .005 





The double result quoted for the last (Gomstook's) de- 
termination depends on the way the peculiar systematic 
personal difference is treated. An independent discussion 
of these observations has led me to the value 20^.49. The 
double result quoted for the Polaris vertical-circle obser- 
vations of FolariSf 1863-70, arises from the curious contra- 
diction between NyrAn's and my solutions, one of which I 
think must be affected with some purely numerical error. 

Collecting and combining the results of the foregoing 
tables we have the following summary : 

N 

Talcott's method. 
Prime-vertical transits. 
Meridian zenith-distances. 
Right-ascensions, 
Prismatic apparatus, 

Greneral mean, 
Probable error. 

The brute mean of the forty-three individual results is 
20".523, differing only 0''.002 from the above weighted 
mean ; the brute mean of the twenty-five results by Tal- 
cott's Method is 20^622, differing but 0.001 from the above 
weighted mean ; and the brute mean of the ten results by 
Meridian Zenith-Distances is 20^534, which is 0^.020 greater 
than the weighted mean. 

Various experiments with the weights varied within 
reasonable limits all give means between 20".522 and 
20".626. In short, after considering the data in various 
ways, the impression on my own mind is strong that the 
real value of this much disputed constant is likely to be 
found near or slightly above 20*^.52. 

The above weighted mean, 20^521, which may be re- 
garded as the result of this investigation, corresponds to 
the solar parallax 8^781. 

It is interesting and apposite to remark that the dis- 
cordance which formerly appeared to exist between the 
values of the aberration afforded by the three principal 
methods on which we must rely for its determination — 
namely, Talcott's Method, Prime Vertical Transits and 
Meridian Zenith-Distances — is now dissipated ; and that 
the reasonably distrusted method of Right- Ascensions may, 
in at least a plausible way, be also brought into harmony 
with the others. 

Nor can I neglect to emphasize the importance of the 
stride forward in our knowledge of this constant due to the 
suggestion and development by EOstnbb of his method. 



which has enriched our astronomy with a means of investi- 
gating the aberration less susceptible than any other to the 
disturbing influence of systematic error arising from known 
or imaginable causes, and which has been so prolific of 
result in its application. 

From the point of view of the principles above adopted 
in the use of the data this investigation should stop here, 
and the task of demonstrating that improvement can be 
expected by utilizing some or all of the material here ex> 
eluded should be left to those who would advocate that 
view. Nevertheless it seems appropriate and desirable to 
show how much the final result would have been affected 
by incorporating the determinations here excluded. I 
therefore give in the following tabulation, which is arranged 
in the same manner as the one already presented, the 
results of the twenty-four excluded series. They are used 
as given by the authors (rounded only to the nearest hun- 
dredth) without any attempt to apply corrections for vari- 
ations of latitude, with which many of them are necessarily 
affected. An attempt has been made to assign relative 
weights such as I suppose would not be materially gainsaid 
by those who might be inclined to favor the employment of 
these determinations in their definitive mean. We thus have : 



Talcott's 


Method. 








Aberr'n 


Wt. 


Waikiki, 




20^43 


i 


Bethlehem, 1890, 




.46 


i 


Mean, 




20.44 


1 


Prime Vbrtical Transits. 




Washington, 1862-67, 




20.46 


1 


Wanaeh, 




.40 


1 


Mean, 


20.43 


2 


Meridian Zenith-Distances. 




Peters (Bradley, 1754- 


■55), 


20.62 


i 


Auwers (Kew), 




.38 


i 


Auwers (Wanstead), 




.46 


i 


Busch (same). 




— 





Brinkley, 




.37 


i 


Richardson, 




.50 


1 


Henderson (Sirius), 




.41 





Henderson (a Cent.), 




.62 


i 


Maclear (a Cent), 




.63 


i 


Maelear (fi Cent), 




.59 


i 


Main, 




.34 


i 


Downing, 




.38 


1 


Thackeray, 




.49 


1 



Mean, 



20.46 
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Bessel (Bradley), 
Peters (Dorpat, 6 St.), 
Peters (Dorpat, PoZ.), 
Lindenau, 
Newcomb (Wash.), 
Newcomb (Greenw.), 
Thackeray, 

Mean, 



Aberr'n 


Wt. 


20.70 


i 


.36 


i 


.42 


1 


.45 


i 


.65 


1 


.39 


1 


.42 


1 



20.45 



Whence we get the following summary of these excluded 
determinations : 

Talcott's Method, 
Prime-vertical transits, 
Meridian Zenith-Distances, 
Bight-ascensions, 

General mean. 
The brute mean of the 24 values is 

Combining this result with the one previously found from 
forty -three accepted determinations we find: 

No. Det. Aberr'n Wt. 

t 

Mean from accepted values, 43 20.521 208 
Mean from rejected values. 

General mean, 



>.Det. 


Aberr'n 


Wt 


2 

2 

13 

7 


20.44 
.43 
.46 
.46 


1 
2 
6 
6 


24 

98 is 


20.450 
20.467 


13 



2£ 
67 



.450 
20.517 



13 
221 



It thus appears that without excluding any of the data 
we should have a value (20*^.517) onljS^fiS^ smaller than 
the one (20^.521) which has been derived as the definitive 
result of this investigation, by the exercise of a critical 
choice which it seems to me is demanded by the circum- 
stances for the purpose of arriving at the most acceptable 
result. And here again it will be manifest upon trial that 
wide differences of opinion as to weights can be allowed 
full play without significant influence on the conclu- 
sion. 

From the best point of view I can compass, it seems 
to me that we are driven by the facts either to 20*^.52 
if a rounded decimal is preferred for a conventional 
value of this constant, or to something slightly above 
it, if for any reason it is deemed that any slight practical 
advantage, or a possible approach to accuracy, is gained by 
splitting the hundredth. 

The reduction to such a value of the aberration-constant 
can be effected by the addition of 0.0016 to the values of 
log C and log X>, or of log h and log i, in the ephemerides 
where Stbuve's constant (20^.445) is employed in the 
tables for reduction to apparent place ; or of 0.0011 in 
those where the value of the Paris Conference of 1896 
(20''.47) is the basis. 



oo^ 



NOTES ON SOME RECENTLY DISCOVERED VARIABLE STARS, 



By a. STANLEY WILLIAMS. 



The observations upon which the following notes are 
based were chiefly made with a 6^inch reflector, though 
occasionally a 2|-inch refractor was used. The results are 
necessarily at present of a somewhat provisional character, 
though as the observations have been carefully reduced it 
is not probable that any material alteration will have to be 
made in the stated times of maxima and minima. Light- 
scales were formed for most of the variables, either by 
means of the comparisons between the variable and the 
comparison-stars, or by means of sequences of steps speci- 
ally made for that purpose. It should be added that cloud 
and fog have been abnormally prevalent during the past 
year, rendering it difficult to secure satisfactory and un- 
interrupted series of observations of Algol-tj^e or very 
rapid variables. 

562. Y Andromedae. 
The following are approximate photographic magnitudes 
of this star. 1899 Nov. 10, not visible, < 11 "'.5 ; 1900 Dec. 
19, not visible, < 12"' ; Deo. 21, not visible, < 12" ; 1901 Jan. 



16, not visible, <12" 
Jan. 30, Hi". 



Dec. 10, 10" ; Dec. 18, 10" ; 1902 



1205. YFersel 



Observations on 45 nights between 1901 Mar. 12 and 
1902 Dec. 2 yield the following maxima and minima : 



Maximum 
Minimum 
Maximum 
Minimum 
Maximum 



Date 

1901 April 15 
Aug. 28 
Dec. 21 

1902 April 23 
Sept. 12 



J.D. 
241 5490 
5625 
5740 
5863 
6005 



Mag. 
8.8 
9.6 
8.7 
9.8 
8.3 



Dr. Habtwig in 1901 found the period to be 236 days, 
but one slightly longer than this (251 days) better satis- 
fies the above observations. The light variations are, how- 
ever, by no means quite regular, and there are considerable 
differences in the form of the light-curve at different 
maxima. Thus, the curves of the first two maxima are 
rather flat, particularly that of the second one, whilst that 
of the third is comparatively sharply accentuated. The 
magnitudes given above are practice ly according to the 
scale of Hagen's Second Chart and Catalogue for observing 
Nova Fersei, but it should be mentioned that red stars 
usually appear decidedly fainter to me than they do to 
most observers, particularly as regards observations made 
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with the 2}-inch refractor. The first two maxima and 
the two minima were observed with this instrument, and 
the third maximum with the C^-inch reflector. Several 
observers have published observations made about the 
time of the first maximum, according to which the star 
must then have been about S^'.S. That is half a magnitude 
brighter than my observations make it. On four nights in 
1901 both photographic and visual observations were made, 
the differences, visual — photographic, being —1.8, — 1.8, 
—1.5 and —1.4. The mean difference is — 1".6, and the 
photographic observations published in the ^.iV. 3698 agree 
very well with the later visual ones made with the 2f-inch 
refractor when corrected by this amount ; though in order 
to make them comparable with the reflector observations, 
and those of most other observers, the correction should be 
a full two magnitudes. 

6685. Y Lyrae. 
Four good series of observations of this rapid variable 
were secured in 1902. Below will be found the observed 
heliocentric Greenwich mean times of maximum, and the 
like observed times of T^, The times T^ are the times 
when the variable in its rapid rise from minimum attains 
to equality with the comparison-star 1 (12".!)*. The com- 
puted times according to the elements in the Monthly 
Notices^ Vol. ^2^ p. 208, have been added for the purpose 
of comparison, together with the resulting residuals. The 
latter are not large, and it hardly seems necessary at present 
to attempt any revision of the elements. 



Date 


CompotAd 


Observed 


C-0 




r. 


To 






h m 


ta m 


■c 


1902 June 2 


11 6.9 


11 16.7 


- 9.8 


Aug. 22 


9 29.0 


9 32.2 


- 3.2t 


Sept. 7 


11 32.8 


11 60.6 


-17.8 


8 


11 40.6 


11 63.6 


-12.9 


Dkte 


Computed 


Obsenred 


C-0 






mftxinnini 






h m 


h m 


■c 


1902 June 2 


12 6.9 


12 9.7 


- 3.8 


Aug. 22 


10 29.0 


10 44.2 


-16.2 


Sept. 7 


12 32.8 


12 44.6 


-11.8 


8 


12 40.6 


12 62.6 


-11.9 



6816. Z Lyrae. 
In 1901 observations were made on 29 nights between 
May 21 and Oct. 6, and these indicate a pretty well defined 
maximum for July 1, mag. = 9.4 (equal to DM. +34*'3385). 

«See the diagram in tlie Monthly Notices, Vol. 62, p. 201, and in 
Popular Astronomy, 1902, p. 216. Dr. Habtwig has published the 
times of several maxima of this star observed by him iD 1901 in the 
Vierteliahrsschrift der Astr. Oesell,, Jahrgang 36, p. 268. They 
were received too late for inclusion in the writer's discussion of the 
observations of this star. 

t On August 22 the comparison-star 1 was very faint, and some- 
times even invisible owing to moonlight, so that the time of Tq could 
not be satisfactorily observed. 



Habtwio, from his own observations, makes it June 20 
(see A,N. 3744, col. 370). In 1902 the star's brightness 
decreased from 11 ".2 on May 27 to invisibility in a 6i-inch 
relflector (or below about 13"") after July 25. The star was 
re-observed on Oct. 26, mag. *^ 12.3. By means of the 
light-curve of 1901 the date of maximum may be fixed for 
1902 April 7 ± . Some photographic observations of 1 900 
and 1899 were published- in the A.N. 3671. Those for 
1900, with the help of the visual light-curve of 1901, fix 
the time of maximum pretty exactly for 1900 Sept. 2. The 
last two observations of 1899, with the help of the visual 
light-curve of 1901 and the photographic light-curve of 
1900, indicate a maximum for 1899 Nov. 21±, on the as- 
sumption that this occurred between two observations*. 
Taking the mean of EUrtwiq's and my own determinations 
for 1901, we have the following four observed maxima : 



Date 



J.D. 



C — O 

1899 Nov. 21 ± 241 4980 ± +2** 

1900 Sept. 2 5265 +7 

1901 June 26 5562 

1902 Apr. 17 ± 5847 ± +5 

These yield the following approximate elements of vari- 
ation : 

Maximum = J.D. 2415562 + 290* E. 

The last column above contains the residuals according 
to these elements. 

6827. BT Lyrae. 
The star rose from 12''.5 on 1902 May 24 to a sharply 
defined maximum (9''.8) on July 22, and then almost im- 
mediately declined rapidly and steadily to 12''.7 on Sept. 
25. Observations were made on 16 nights between the 
above limiting dates. Some earlier photographic observa- 
tions were published in the A.N. 37SS. Those made in 
1901 indicate a maximum about Nov. 11, but there is a 
good deal of uncertainty as to the exact date. The inter- 
val between the two maxima is 253 days ; and assuming 
this to be period, maxima should have occurred on 1901 
Mar. 3, 1900 June 23 and 1899 Oct. 13. The invisibility 
of the star on the photographs taken between 1900 Sept. 2 
and Nov. 22 is in accordance with the first two maxima, but 
its faintness (12".08) on the plate of 1899 Sept. 28 shows 
that this period cannot be quite correct, since the computed 
maximum occurs only 15 days later. It is uncertain at 
present whether the period of 253 days is a little too short. 



* The first two observations of 1899 (Sept. 2 and 22) should be 
struck out. The plate of Sept. 2 is a trial one before the instru- 
ment was in adjustment, and the star images being drawn out into 
long trails it is difficult to identify the fainter stars, and it is doubt- 
ful if a faint trace is really due to this star. The plate of Sept. 22 is 
a poor one, and here also it is doubtful whether a faint mark is 
really due to the star. 
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or a little too long, though the probability is that it is too 
long. The next jnaximum should occur about 1903 Apr. 1. 

6895. RU Lyrae. 
This star rose from 12".7 on 1902 May 27 to a sharply 
defined maximum (mag. = 9.9) on Aug. 21, and by Sept. 25 
it had declined to ll'.S. Observations were made on 14 
nights between the above limiting dates. Some earlier 
photographic observations were pttblished in the A,N. 3796, 
and from these it was inferred that the period is almost 
exactly equal to a year, and that the next maximum would 
probably occur in August of the present year, as has actu- 
ally happened. The period cannot be stated with greater 
exactness at present. 

6915. RV Lyrae. 
The following minimum of this i4/^oZ-yariable has been 
observed and is in addition to those already published in 
the A.y. 3811. 

1902 Sept. 3 11M2" 
Twelve observations were obtained between 8** 44™ and 
14h j^gm^ Ij^ij cloud interfered a good deal after 11**, though 
the above result is on the whole a fairly satisfactory one. 
The observation is not reduced to the sun. The computed 
time from the elements in the A,N. 3811 is 11** 36". 

6927. U Sagittae. 
The undermentioned minima of this Algd^iSit have been 
observed, but the times are somewhat provisional, as owing 
to the unfavorable weather the observations are not suffi- 
cient to give a very satisfactory light curve. The helio- 
centric times of minimum according to Ebbll's ephemeris 
in A.N, 3771 have been added for comparison with the 
differences O — C. The observed times are not, however, 
reduced to the sun. 



Epoch 


Date 


Observed 
h m 


Computed 

h m 


O — C 


87 


1902 Aug. 22 


9 3 


9 28 


-25 


90 


Sept. 1 


12 33 


12 53 


-20 


92 


8 


6 56 


7 9 


-13 


95 


18 


10 20 


10 34 


-14 



Notes. E. 87, 12 observations between 8** 29" and 11^ 
14". E. 90, 9 observations between 8** 27" and \V 3". 
E. 92, 7 observations between 8'* 11" and 10^ 23". E. 9.5, 
11 observations between 8*» 43" and 11*» 52". 

The star remains stationary at minimum for about 2^ 
10". Normally the variable is a white star, but during 
the stationary period at minimum, and for a few minutes 
before and after, it is of a decided reddish color. 

7019. TYCygni. 
In 1901 the star rose from 12" on Aug. 6 to a sharply 
defined maximum on Nov. 11 (mag.=s9|). In 1902 the 
star rose from 12|" on July 7 to a well defined maximum 
on Oct. 27 (mag. =9). Thre^ earlier photographic obser- 
vations were published in the A.N. 3687. With the help of 



the visual light-curve these observations indicate a maxi- 
mum for 1900 Nov. 22. From these three maxima the fol- 
lowing elements have been derived : 

Maximum = J.D. 2416051 + 352<» E 
The star is not visible on a photograph taken by 
Prof. Max Wolf on the nights of Sept. 25 and 30, 1891 
(exp.=12**), and it cannot therefore have been photograph- 
ically so bright as 14". According to the elements the 
star should have been almost exactly at minimum then, so 
that the invisibility of the star on this photograph is just 
what might be expected. 

7318. UW Cygni. 
The observations of the undermentioned minima of this 
^/^oZ-variable were all more or less hindered by cloud or 
other causes. The last minimum is the only one at all 
properly observed during both the decreasing and increas- 
ing phases. The times, which are geocentric Greenwich 
mean times, have been derived by means of a provisional 
light-curve based on three minima observed last year. 



Date Minimum 

(a) 1902 July 18 lO*" 12°" 

(b) Aug. 25 9 22.7 

(c) Sept. 1 6 50 

(d) 18 12 56 

(e) 25 10 32 



Quality 

Fair. 

Unsatisfactory. 
Somewhat approximate. 
Approximate. 
Pretty good. 



Notes, (a) 15 observations between 10^ 48" and 14** 35". 
(b) 9 observations between 8** 18" and IS** 15", much hin- 
dered by cloud, (c) 10 observations between 8** 18" and 
19" 15". (d) 9 observations between 9" 50" and 11^ 21". 
The decrease could not be followed further owing to the 
brightness of the moon, (e) 17 observations between 8** 
31" and 12^ 5" ; hazy between 10^ 27" and 11^ 50". 

7505. UX Cygni, 
This star has been invisible in the 6i-inch reflector, and 
consequently fainter than about 12^", between 1902 July 
11 and Nov. 17. Some photographic observations were 
published in the A.N. 3752, and to these may be added the 
following: — 1901 Nov. 15, mag. = 10.98. The observa- 
tions of 1901 indicate a fairly definite maximum for 1901 
Oct. 23 ; photographic mag. =* 9.7. It is difficult at pres. 
ent to come to a satisfactory conclusion respecting the 
period of variation, though this is evidently long and the 
range of variation considerable. 

7571a. TW Cygni. 
Observations on 22 nights in 1901 indicate a well 
defined though somewhat flat maximum on Sept. 1. The 
star rose from 12".0 on May 24 to 8".8 at maximum, and by 
Nov. 3 had declined to 11 ".0. In 1902 observations on 9 
nights show a very definite maximum for Aug. 15, mag. ■=> 
9.6. Dr. Hartwig, in 1901, suggested a period of 8^ 



Digitized by 



Google 



8 



THE ASTRONOMICAL JOCTENAL. 



N*-629 



months (see A.N, 3744), but this is evidently, however, 
somewhat longer. The photographic magnitude is 9.85 on 
two photographs taken on Oct. 6 and 9, 1899. Comparison 
of the brightness of the star upon three plates taken on 
three separate nights with corresponding visual observa- 
tions, gives —1.5, — 1.6 and —1.1 as the correction to the 
photographic magnitudes in order to reduce them to the 
visual ones. Means = — 1".4. Applying this correction 
to the above mentioned observations of 1899, we get 8'*.45 
as the photographic reduced to the visual brightness, so 
that the star was probably at or very near a maximum 
20 Hone Park Villas, Hone, 1902 Dee. 20. 



on 1899 Oct 7. The following elements satisfactorily sat- 
isfy the observations. 

Maximum = J.D. 2415977 + 347* E. 
It is noteworthy that there seems to have been a pro- 
gressive diminution in the brightness of the star at max- 
imum. 

8610. Z Pegasi. 

The following are the approximate photographic magni- 
tudes of this variable. 1899 Nov. 6 and 10 not visible, 
<12- ; Nov. 29, <11'' ; 1900 Nov. 18, <12- ; Nov. 22, 
<lli- ; Dec. 13, <10i"' ; Dec. 15, 11^- ; 1901 Jan. 14, 10«. 



ON THE VARIABILITY OF DM. —1^1182, 

By ZACCHEUS DANIEL. 



The star DM. — 1**1182, 9".3, occurs in the list of sus- 
pected variables at the end of Chandler's Third Catalogue 
of Variable Stars (A.J. 379) where it has the number (2235), 
and the observed range is given as 8" to 9".3. 

This star was observed nine times at Harvard College 
Observatory with the Meridian Photometer during the years 
1886 to 1888. Of these observations, seven by Professor 
E. C. PiCKBBiNG, from 1886 Feb. 16 to 1888 Feb. 28, yield 
a mean magnitude of 8.96. The mean deviation of each 
observation from this result is 0".19, and the observed 
range is 0".8. One observation by Pickering on 1886 
Jan. 10, and one by Wendell on 1886 Jan. 26^ which are 
not included in the mean, both give a residual of --0'*.8 
from 8''.96. This makes a total observed range of 1".2, or 
from 8M6 to 9".36. 

These results are extracted from H, C. 0. Annals, Volumes 
23 and 24, where the star is designated M.P. 821. 

I observed this star with the 10-inch Clark equatorial on 
Bucknell University, Lewisburg, Penna,, 1902 Dee. 27. 



four dates in 1901, from Jan. 19 to April 16, and on four- 
teen dates in 1902, from Jan. 3 to May 8. The mean result 
of the eighteen observations is 9 ".16. The mean deviation 
of each observation from this value is 0".05. The brightest 
observation is 9".07 ; the faintest is 9'*.31, which make an 
observed range of 0*^.24. 

All my observations agree in affording no evidence of 
variability. They are very accordant, and show no marked 
fluctuation. 

The following are my comparison-stars. The magnitudes 
are the result of thirty-eight separate comparisons, and are 
adjusted closely to the DM. scale. 



Star 

a = 
b = 
c = 
d = 



Desig. 

DM. -ini60 
-ril70 
-mi85 

-rii77 



DM. 

M 

8.3 
9.3 
9.0 
9.6 



8!33 
8.93 
9.21 
9.61 



Oi«d«8 

0.0 
6.0 

8.8 
12.8 



OBSERVATION OF COMET cZ 1902 {giacobiiti) 

Bt E. E. BARNARD. 
1902 90° time Hfi Comp. Ja J 8 App. a A pp. 8 

hm. ml ''hm. o/ 

Deo. 30 11 11 41 1 3 .... -4 22.6 .... | +3 36.0 

+0 23.14 



h m • 

11 11 41 
11 26 28 
11 36 61 



1 


3 


1 


18 


1 


3 



J8 
-4 22*5 

I4 *6.*0 



logpA 



7 3 33.1 



I +3 36.3 



n9.049 



o!747 



0.745 



* 
1 



a 1902 

h m 8 

7 3 5.1 



81002 

+3%0'7 



Red. to app. place 
a 8 

+5*07 I -16^5 



Authority 
DM. +3^563* 



The position was measured with the large telescope. The comet 
was about 12^, with elongated brightening at middle. There was a 
slight brushing out of the nebulosity following. 

This object was observed on Dec. 8, with the 12-inch, but as there 

• This star is Albany A.G. 2636; a = 7*^ 8« 18«.20 , S = +8*» 40' 89M (1902.0) 
Terkes Observatory, Williams Bay, Wis., 1908 June 8. 



is no micrometer to that instrument, an accurate position could not 
be obtained. No other opportunity has offered to obserre it with 
the large telescope. The catalogues here do not contain an accurate 
place of the comparison-star.* 

Ed. 
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OBSERVATIONS OF VARIABLE STARS OF LONG PERIOD, 

By W. C. BRENKE. 



The following observations were made by the method of 
sequences with the aid of the twelve-inch tefractor of the 
University of Illinois Observatory. The comparison-stars 
have been those of Hagen's ^^ Atlas Stellarum Variabilum,^^ 
except a few faint ones which were used during times of 
minima, and which have been connected by sequence of 
steps with Hagex's stars, making the scale of magnitudes 
uniformly that of the ^^Atlas." The magnitudes are given 
to two decimal places whenever two or more accordant 
observations were secured, while the first decimal only is 
given in cases of single observations, or of the mean of 
several estimates sufficiently discordant to make this deci- 
mal somewhat uncertain. The dates of maxima and minima 
were determined from curves, and the theoretical times 
have been added for comparison. Brackets are used to 
indicate those dates which are not well determined by the 
observations. The uncertainty in these cases is about 
±10^ 

Fractions of a day in the observed dates indicate the 
approximate G.M.T. of the observations. 



S Coronae. 



Date Mag. 

1901 Apr. 8.7 8.0 

15.7 8.0 

18.6 7.8 

19.7 8.15 

25.6 8.17 

26.7 8.10 
May 1.6 8.00 

4.6 8.33 

13.7 8.32 

14.6 8.27 

20.7 8.57 
28.6 8.37 

30.6 8.50 
June 6.6 8.68 

13.7 8.80 
17.7 8.93 
26.7 9.05 



Date 

1901 July 1.6 
8.6 
12.6 
18.7 
19.7 
25.6 
5.6 
14.7 
13.7 
21.6 
2.6 
4.6 
14.6 
1.6 
5.9 
13.7 
2.7 



Aug. 
Sept. 
Oct. 



Nov. 
1902 Mar. 



Apr. 



Mag. 

9.30 

9.40 

9.7 

9.6 

9.6 

10.0 

10.1 

11.2 

11.2 

11.40 

12.03 

12.27 

12.02 

12.5 

8.5 

7.2 

8.4 



Date 

1901 May 30.7 

June 6.6 

13.7 

17.7 

26.7 

July 1.6 

8.6 

12.6 

19.7 

25.6 

Aug. 5.6 

15.6 

* Bright moon. 



1901 May 
June 



July 



Aug. 



Date 
1901 May 

June 



July 



Aug. 



28.7 
30.7 

6.7 
13.7 
17.7 
26.7 

1.6 

8.6 
12.6 
19.7 
25.6 

5S 
15.6 



28.7 
30.7 

6.7 
13.7 
17.7 
26.7 

1.6 

8.6 
12.6 
19.7 
25.6 

5.6 
15.6 



B Herculis. 



Mag. 
9.86 
10.05 
10.67 
10.98 
11.20 
11.43 
11.60 
11.57 
12.03 
♦invisible 
12.20 
12.6^ 



Date 

1901 Sept. 13.7 

21.6 

Oct. 2.6 

4.6 

14.6 

1.6 

17.9 

5.9 

13.8 

2.7 

13.7 

5.7 



Nov. 

1902 Feb. 

Mar. 

Apr. 



June 



U HerculU. 



10.5 

10.5 

10.45 

10.50 

10.70 

10.60 

10.70 

11.03 

10.62 

11.03 

10.67 

11.33 

13.6 



1901 Sept. 13.7 

21.6 

Oct. 2.6 

6.6 
14.6 
16.6 

1.6 
17.9 

5.9 
13.8 

2.9 
13.7 



Nov. 

1902 Feb. 

Mar. 

Apr. 



W Herculis, 



Mag. 
12.02 
11.9 
12.06 
12.10 
11.78 
12.0 
11.65 
11.25 
10.95 
11.06 
11.40 
10.08 

9.04 



Date 

1901 Sept. 13.7 

21.6 

Oct. 2.6 

5.6 

14.6 

15.6 

1.6 

17.9 

5.9 

13.8 

2.9 

13.7 

3.7 



Nov. 

1902 Feb. 

Mar. 

Apr. 

June 



NO. 2 



Mag. 
invisible 



8.66 
8.55 
8.77 
9.5 
9.75 
11.5 



10.07 
10.05 
10.03 
9.70 
9.76 
9.80 
9.40 
7.55 
7.6 
8.3 
8.4 
9.2 



Mag. 
8.05 
8.0 
7.77 
7.55 
8.1 
8.03 
8.37 
12.2 
12.17 
12.15 
11.9 
11.5 
8.6 

(9) 
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V Coronae. 



Date 
1901 Apr. 



May 



June 



8.7 
15.7 
18.6 
19.7 
24.7 
25.6 
26.7 

1.6 

4.6 
13.7 
14.6 
20.7 
28.6 
30.6 

6.6 
13.7 
17.7 
26.7 



Date 
1901 May 28.7 
30.7 

June 6.7 
13.7 
17.7 
26.7 

July 1.6 

8.6 

12.6 

19.7 

25.6 

Aug. oS 



Mag. 

8.67 
8.70 
8.87 
8.80 
8.55 
8.63 
8.50 
8.70 
8.56 
8.78 
8.93 
8.63 
8.63 
8.68 
8.80 
8.83 
8.86 
8.97 



Date 



1901 July 1.6 
8.6 
12.6 
18.7 
19.7 
25.0 
5.6 
14.7 
Sept. 13.7 
21.6 



Aug. 



Oct. 



Nov. 

1902 Feb. 

Mar. 



Apr. 



S Herculis, 



Mag. 
7.80 
8.15 
8.37 
8.20 
8.37 
8.40 
8.70 
8.57 
8.63 
8.65 
8.55 
8.70 



Date 

1901 Aug. 

Sept. 

Oct 



Nov. 

1902 Feb. 

Mar. 



Apr. 



2.6 

4.6 
14.6 

1.6 
18.9 

5.9 
13.7 

2.7 



15.6 
13.7 
21.6 

2.6 

5.6 
14.6 
15.6 

1.6 
17.9 

5.9 
13.8 

2.9 



Mag. 

8.80 

8.93 

9.12 

9.23 

9.32 

9.40 

9.70 

10.30 

10.47 

10.47 

11.00 

11.00 

11.34 

12.30 

8.43 

8.35 

8.35 

8.56 



Mag. 

9.00 

10.05 

10.08 

10.4 

10.70 

11.23 

11.53 

12.20 

8.60 

8.37 

8.50 

8.4 



T Herculis. 



Date 

1901 May 30.7 

June 6.7 

13.7 

17.7 

26.7 

1.6 

8.7 

12.6 

19.6 

25.6 

5.6 

15.6 

Sept. 13.7 



July 



Aug. 



Mag. 
12.0 
12.0 
11.9 
11.13 
10.50 
10.13 
9.57 
9.33 
9.17 
8.62 
8.23 
8.05 
8.17 



Date 

1901 Sept. 21.6 

Oct. 2.6 

5.6 

14.6 

15.6 

1.6 

18.7 

29.7 

17.9 

5.9 

13.8 

3.9 

29.7 



Nov. 



1902 Feb. 
Mar. 



Apr. 
May 



Mag. 

8.76 

9.18 

9.25 

9.92 

9.92 

11.16 

11.95 

11.25 

8.17 

8.45 

9.42 

10.3 

9.8 



Maxima and Mtnima. 



Ch.No. 


Staf 


Ph. 


Mag. 


Date 


Cal.[Ob.] Julian [Ob.] 


Comp'd 


5504 
5675 
5770 
5889 
5889 
5950 
5950 
6044 
6512 
6512 
6512 
6512 


S Coronae Min. 
V Coronae Min. 
R Herculis Max. 
U Herculis Min. 
U Herctilis Max. 
W Herculis ^2LX. 
W Herculis Min. 
S Herculis Min. 
T Herculis Min. 
T Herculis Max. 
T Herculis Min. 
T Herculis Max. 


<12.5 
<12 

8.5 

<13.5 

7.5 

7.5 

12.2 

<12 

12.0 

8.0 

12.0 

8.0 


1901 Dec. 1] 5720] 

1901 Nov.21] 5710' 

1902 Feb. 27 6808 
1901Aug.l8 5615 
1902 Feb. 19 6800 

1901 Oct. 6 5663 

1902 Mar. 1] 5810] 
1901 Dec.ll] 5730= 
1901 June 4 : 6540 

1901 Aug.28 1 5622 
1901NOV.16 5705 

1902 Feb. 9 5785 


6686 

5664 

5798 

6689 

6866 

6669' 

5840 

6734 

6517 

5695 

5681 

5759 1 



University of Illinois Observatory, Urbana, III., 1902 December. 



NOTE ON THE SECULAR 



About thirty years ago, at the request of Professors 
Coffin and Newcomb, tlie Smithsonian examiners, I made 
some computations to test the results of Stockwell's 
memoir on the secular perturbations of the principal planets 
of our solar system. The numerical results proved to be 
very accurately deduced from the assumed data. Stock- 
well made calculations to show the effect of changes in 
the masses of the planets, and his memoir contains form- 
ulas for this purpose. It appeared to me that this might 
be doiie more directly, and Leverrier has pointed out a 
method. The arrangement of the planets is such that the 
equation of the eighth degree, whose roots furnish the 
coefficients, may, for the first approximation, be divided 
into two equations of the fourth degree; one of these 
equations belonging to the four interior planets, and the 
other to the four exterior planets. The general biquadratic 
can be written. 



PERTURBATIONS OF THE PLANETS, 

By a. hall. 

The values of the coefficients in terms of the roots are. 



Vx = 

7>4 = 



-g -gx-g^-gz 

+ ggx + ggt + gg% + gxg^ ■*■ gxgz ■*■ i/a^s 

- ^^^1^72 — ggxgz — gg^% — gxg^z 



Differentiating these equations, and eliminating all the 
variations of g but one, be have. 



8^7 = 



{g - ^i) {g - gi) {g - gz) 



This is Leverrier's result, but it does not appear to be 
a good form for computing, since small divisors may enter 
the denominator. Stockwell's equations seem to be safer, 
and to test them I have computed the roots from the masses 
adopted by G. W. Hill in his work on secular perturba- 
tions, and have compared these values with the roots found 
by Hill for the eccentricities and perihelia. 
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Mercury 

Venus 

Earth 

Mars 

Jupiter 

Saturn 

Uranus 

Neptune 

of Stockwell's 



HiU'8 I 

10500000 

408000 

328000 

3093500 

1047.355 

3501.6 

22869 

19314 



log/i 

9.729647W 
8.64461 2n 
9.093603 
9.12535671 
6.699237 

— 00 

8.949531 
8.441669n 



Corr. to S. 

-fo!o34496 
+ 0.040516 
+ 0.302467 
+ 0.219289 
+ 0.020918 
-0.01:^435 
+0.014177 
+ 0.028722 



Root ^ 

+ 5.498299 

7.288943 

17.316840 

18.003745 

0.637602 

2.714224 

3.730784 

+ 22.489569 



Hill's value 

+ 5^497704 

7.283189 

17.322014 

18.003942 

0.634609 

2.707414 

3.722375 

+ 22.418997 



mass was assumed to be 



The form 
-9 and by comparing with Hill's values log u was 

771- 

found. 

The agreement is good except in the last case, where 



some error of calculation may exist. The solution may be 
completed by a method like that of Newton. We may, I 
think, consider the equation of the eighth degree as dis- 
posed of. 

Goshen, Conn., 1902 Nov. 26. 



SUNSPOT OBSERVATIONS, 

made at bekwyn, penn., with a 4i-inch refractor, 
By a. W. QUIMBY. 



190S 


Time 


New 


Total 


Fao. 


Def. 


1902 


Time 


New 


Total 


Fac. 


Def. 


1903 


Time 


New 


Total 


^' Def. 






Grs. 


Gre. 

1 


HpOtS. 

1 


Ura. 

1 








Grs. 


Grs. Spots. 


Gr,. 








Urg. 


Gre. 
2 


ttpoM. 


Gre. 


July 12 


4 


1 


good 


Oct. 7 


8 


1 


2 28 


1 


fair 


Oct. 30 


8 


_ 


2 


2 


poor 


13 


5 


- 


- 


- 


1 


fair 


8 


8 


- 


2 j 24 


- 


poor 


31 


9 


- 


- 


- 


2 


poor 


Aug. 16 


4 


1 


1 


2 


1 


fair 


9 


8 


- 


2 I 16 


- 


poor 


Nov. 3 


8 


_ 


- 


- 


1 


fair 


17 


8 


- 


1 


1 


— 


fair 


10 


9 


- 




11 


- 


fair 


4 


9 


— 


- 


- 


1 


fair 


18 


9 


- 


1 


1 


- 


fair 


12 


9 


- 




1 


- 


poor 


9 


8 


_ 


- 


- 


1 


fair 


19 


8 


- 


1 


1 


- 


good 


13 


7 


- 




1 


- 


poor 


10 


8 


- 


- 


- 


1 


fair 


Sept. 13 


8 


- 


- 


- 


1 


fair 


14 


8 


- 


1 : 1 


•* 


poor 


14 


9 


1 


1 


2 


- 


poor 


14 


8 


- 


- 


— 


1 


fair 


16 


8 


- 


1 1 2 




fair 


15 


10 


2 


3 


11 


3 


fair 


17 


8 


- 


- 


— 


1 


fair 


16 


8 


- 




1 




fair 


16 


8 


— 


3 


4 


3 


poor 


19 


10 


1 


1 


8 


- 


good 


17 


10 


- 


- 


- 




poor 


17 


8 






2 


- 


poor 


20 


11 


- 


1 


4 


- 


poor 


18 


9 


- 


- 


- 




fair 


19 


11 


— 




20 


_ 


poor 


22 


9 


2 


3 


10 


2 


good 


19 


2 


- 


- 


- 




poor 


20 


8 


— 




26 


— 


fair 


23 


8 


- 


3 


10 


3 


good 


20 


9 


- 


- 


- 




poor 


21 


8 


— 




33 


— 


fair 


24 


7 


. - 


2 


14 


2 


poor 


21 


8 


1 


1 


1 




fair 


22 


9 


— 




24 


- 


fair 


27 


3 


- 


1 


6 


— 


fair 


22 


8 


- 


- 


- 




fair 


23 


8 


_ 




22 


_. 


fair 


28 


5 


- 


1 


4 


- 


poor 


23 


9 


1 


1 


9 




fair 


24 


10 


- 


-'■ 


10 


— 


poor 


29 


7 


- 


1 


4 


- 


poor 


24 


10 


1 


2 


41 




fair 


Dec. 9 


3 


- 








good 


30 


9 


- 


1 


3 


- 


poor 


25 


8 


- 


2 


30 




poor 


17 


8 


1 




2 




fair 


Oct. 1 


11 


- 


1 


2 


1 


poor 


26 


8 


- 


2 


17 




poor 


18 


9 


- 




1 




fair 


2 


8 


- 


1 


2 


1 


fair 


27 


3 


- 


2 


18 




fair 


20 


12 


- 


- 


— 




good 


3 


8 


— 


1 


1 


1 


fair 


28 


2 


- 


2 


12 




poor 


22 


8 




_ 


_ 


1 


eood 


6 


8 
ions 1 


1 


1 


32 


1 


fair 
other d 


1 29 
ays of the 


8 
semes 


ter, 


2 


4 




poor 












1 


Observat 


¥ere 


mac 


le on 105 


beglj 


nning 


July 1, whe 


n neither sp 


>ots n< 


ar fa 


culai 


B were seen. The 


eun was invli 


iible 


n Ju 


ly3C 


f; Sep 


t. 21 


25, 26 ; 


Oct. 4, 5, 11 


; No^ 


7. 11 


18, 25, 26 


;De 


c. 11, 21 


,29. 















THE MISSING DURCHMUSTERUNG STAR 4-30°583, 

By ZACCHEUS DANIEL. 



In A.J. 430, page 179, Professor Mary W. Whitney 
states that no star was seen in the position for DM. -f 30°583 
on either 1897 Nov. 27, or 1898 Feb. 28. 

The Bonner Stemverzeichniss gives the position, 

« = 3^ 43" 12'.7 ; 5 = +30^ 4'.6 (1855) ; 

and the magnitude, 9.5. 

With a 4-inch refractor, I looked for this star on nine 
dates, from 1898 April 21, to 1899 April 5, inclusive, but I 
Bucknell UnivernUy, Lewisburg, Penna., 1902 Z>ec. 22. 



never could see any star brighter than the twelfth magni- 
tude near the given position, although all other DM. stars 
near were always seen and identified. However, on 1898 
Sept. 12, I saw a star of about the twelfth magnitude near 
the place. I also examined the region with the 10-inch 
refractor on nine dates, from 1900 Oct. 24, to 1902 Nov. 19, 
inclusive, with the same result. In good seeing, the 10-inch 
telescope always showed the twelfth-magnitude star and 
several fainter stars near it. 
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QUESTIONS RELATING TO STELLAR PARALLAX, ABERRATION AND 

KIMURA'S PHENOMENON, 

By S. C. CHANDLER. 



1. In view of the narrow range within which it would 
appear, from .4.«7. 529, that we can now define the constant 
of aberration, the effect of stellar parallax on its determi- 
nation by the Kustnbb-Talcott method ought not to go 
unexamined. It has hitherto been neglected both by myself 
and others on the presumption that it is unimportant. 

To obtain a convenient and sufficiently accurate formula 
for this correction let us take the expression for parallax 
in declination, 

— ir sin0(cos€ sinS sin a — sine cos 8) — ttCosG sin 8 cos« 

in which the earth-sun radius is treated as constant, and 
pursue an analogous transformation to that adopted for the 
aberration in A.J, 517 and 520. For a pair of stars of 
equal zenith-distance, north and south, in the same right- 
ascension, this becomes 

(1) T cos { (;?i sin O — n sin O sin a — sin g) cos O cos «) 
where m = sin c cos <jp , n = cos c sin q: 

Introducing the apparent solar time of observation, 
T = « — 0, we get 

(2) ircos{[w sin0— n cosT 

— sin cp (cos €—1) (i sin 2© sin T—cos'© cos T)] 

which is of the same form as eq. (2) for aberration, A,J. 520. 
For our present purpose the term in sin(]f)(cos€— 1) is 
negligible. Using the subscripts 1 and 2 to designate 
evening and morning groups of observations we have, as 
the corrections of the latitude for error of assumed aber- 
ration and for parallax, 

dk . cosfi (n sin 7\-- m cos 0) -fir cos {^ (m sin 0— n cos Tj) 
dk.QOS^(n sin T^—m cos0)-f-ir cos{,(m sin0— n cos T,) 

We can put without appreciable error in practice, 
cosfi = cos{, = cos{^ 

and the difference of these expressions for observations on 
the same night is therefore 

(4) dk . n cos {^ (sin T, — sin T,) — irn cos {^ (^^^ ^i "- ^^^ ^a) 

Then, in the determination of the aberration by Kijstner's 
method from the cyclical sum of all the group-combinations, 
denoting the coefficients of dk and ir by -4 and By respec- 
tively, and the absolute terms by v, we have 

2^ A . rfA: -h 2"2? . IT 4- 2V = 



whence the aberration-correction 



dk = ^ 



lA 



IB 
2: A 



But, since the average time of th^ observations will be 
about the same for all the group-combinations, we have 

2'B _ ^ _ cot i; - cos r, 
22" A 



'= -|.tani(rj+7;) 



sin T, — sin T^ 

consequently, denoting by dk' the correction of the aber- 
ration-constant as ordinarily found by neglecting the effect 
of stellar parallax, the corrected value will be 

dk = dk' -xtani (T^-h T^) (5) 

From this it appears that the correction for stellar paral- 
lax is zero when the average apparent time of observation 
is 12**, Le,y when the evening and morning groups are sym- 
metrically disposed as to apparent midnight. This is rarely 
practically the case. In most of the series for which aber- 
ration-determinations by this method are given on p. 3 
of A.J, 529, this average falls before midnight, and the 
correction for parallax for most of them is therefore posi- 
tive. Fortunately the printed data enable us to find these 
times approximately enough except for Strassburg and 
Hongkong. They are given in the following table, where 
the first column sufficiently designates the respective series, 
which are in the same order as in A,J, 529. Then follow 
the corrections, by eq. (5), of the aberration-determinations, 
expressed in terms of the unknown ir; and in the last 
column their values in arc on the assumption ir = 0^.02. 





Ti 


Tt 




Correction 


Berlin, 


h 


h 




_ 


+ 0.005 


Berlin, 


10.1 


12.8 


4-0.14,r 


+ .003 


Berlin, 


10.1 


12.8 


+ 


.14 


+ .003 


Karlsruhe, 


8.8 


14.8 


-h 


.05 


+ .001 


Prague, 


10.1 


12.8 


-h 


.14 


+ .003 


Strassburg, 


- 


~ 




_ 


_ 


San Francisco, 


11.0 


13.9 





.12 


- .002 


Cape Good Hope, 


8.3 


16.4 


— 


.09 


- .002 


Naples, 


8.5 


14.8 


-f 


.09 


+ .002 


Potsdam, 


9.3 


11.7 


+ 


.41 


+ .008 


Hongkong, 


- 


- 




- 


- 


Leyden, 


9.8 


12.1 


-h 


.28 


+ .006 


Easan, 


10.0 


12.5 


H- 


.19 


+ .004 


Kasan, 


9.6 


12.3 


-f 


.28 


+ .006 


Kasan, 


8.9 


11.6 


-h 


.49 


+ .010 


New York, 


8.6 


14.8 


-f 


.09 


+ .002 


Bethlehem, 


8.8 


14.8 


-h 


.06 


+ .001 


Philadelphia, 


8.8 


14.8 


-H 


.06 


+ .001 


Int'l 6 stations, 


10.0 


12.0 


+0.27 


+0.006 




Weighted mean, 


-|-0.14ir 


+ 0.003 



The assumption x = 0^.02 is taken as a sort of measure 
of the superior liiait which could with much probability, 
according to accepted notions, be assigned to this element 
for the class of stars employed. Some astronomers might 
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be inclined to reduce the estimate to one-half this quantity. 
From more than six hundred stars, actually used in five of 
the series, I find the average proper motion in declination 
to be about 0^^.05, or in arc of a great circle, total motion 
nearly 0^.08 ; reduced to Boss's system about 0^.09. The 
average magnitude is about the sixth. Kaptbtk's formulas 
would give for this case x = 0^017. Prof. Boss, whom I 
consulted on the matter, is in favor of a decidedly lower 
Talue. The value 0^.020 seems a fair estimate considered 
as a superior limit. But the main point is that the cor- 
rection in question for the value of the aberration derived 
in A,J, 529 for these twenty-five series is essentially posi- 
tive, so that their corrected mean would be 20^^.525 or 
20'^.526 instead of 20^523 as there given. The general 
mean from the forty-three accepted series would therefore 
become 20^.623, and I beg that this be regarded as the 
definitive mean of my investigation in that paper, corre- 
sponding to the value of the solar parallax 8".780, instead 
of the quantities there given. The change is of course 
trivial, but, being admittedly real, is necessary. So far as 
it goes it reinforces the likelihood that any rounded con- 
ventional value for this constant should be taken at least 
as high as 20^.52. 

It may be noted that the prime-vertical and meridian 
zenith-distance determinations given in the paper require 
no correction on this account, since the parallax was elimi- 
nated or simultaneously determined in the solutions. 

2. The development of the foregoing formulas leads 
naturally to the suggestion that, in the Kustnbe-Talcott 
method, we should have a means of finding the average 
absolute parallax of a set of stars observed in common at a 
belt of stations in widely different longitudes, such as has 
been contrived and is , now in successful operation for the 
determination of variations of latitude. The parallax so 
determined would be independent of errors in the star- 
declinations and of the latitude-variation. The high pre- 
cision to which such observations have been brought, and 
the enormous mass of them, ought to make the method 
adequate for this purpose. I have therefore had the curi- 
osity to develop and apply it, in the manner now to be 
shown. 

Taking the mean of equations (3) we have 

(6) 

A.dk-hBir=ni cos ildk (sin 7\H-sin 7;)— ,r(cos7;-f cos 7^)] 
— wcos{[(fA:. COS0— ir sinO] 

Now, with observations symmetrically disposed as to 
apparent midnight, the term in sin 2' will disappear from 
the mean observed on a given night ; also the mean latitude 
for each station, deduced from a year's observations, will 
be affected by the constant value of the term in cos T; so 
that the variations of latitude at a station in longitude X 
(reckoned positive west from Greenwich), as found in the 



ordinary manner by subtracting this mean latitude from 
the observed values, may be expressed by 

(f — (Pq = x sin X — y cos X -f « (7) 

where I have put 

z = m cos{(rfA;.cos0— ir sinO) (8) 

and the rectangular coordinates are reckoned, -f y towards 
Greenwich, -ha? towards 90° east. 

The values of x, y, z, can be determinately found from a 
belt of stations such as that of the International latitude- 
series for each date or group of dates. Then we may find 
dk and v from the equations of condition 

m cos { COS0 . rfA: — m cos{ sin . T = z (9) 

We therefore arrive at the curious result that the quan- 
tity z is nothing more than the empirical term, independent 
of the longitude of the station and varying with the time 
of year, which Kimuba has discovered and announced 
in A,J. 517, and which has been confirmed by Albrecht 
by means of the International latitude-series. It indubi- 
tably appears in the results for both 1900 and 1901. 

Consequently, if the effect of stellar parallax furnishes 
the true explanation of this empirical term, we can find 
the value of ir, or the average parallax of the observed 
stars, by introducing the values of z given by Kimuba and 
Albbecht as the absolute terms of equation (9). For the 
series 1900-1901 we take from A,N. 3808, 









Values 


OF Z. 








1800 


1900 


ISOl 


1902 


Mean 


Computed 


y 


It 


# 


. 


# 


f 


# 


0.0 


- 


+ .028 


-H.062 


+ .044 


+ .046 


+ .043 


.1 


- 


+ .021 


+ .055 


_ 


+.038 


+.036 


.2 


- 


+ .008 


+ .022 


_ 


+ .016 


+ .017 


.3 


— 


-.014 


-.005 


_ 


-.009 


-.008 


.4 


- 


-.029 


-.026 


_ 


-.028 


-.028 


.5 


- 


-.033 


-.036 


— 


-.034 


-.037 


.6 


- 


-.025 


-.032 


_ 


-.029 


-.030 


.7 


- 


-.008 


-.016 


_ 


-.012 


-.011 


.8 


~ 


+ .019 


+ .007 


_ 


+.013 


+ .014 


0.9 


+.031 


+ .047 


+ .025 


- 


+ .034 


+.034 



For the coefficients in eq. (9) we take cos { = 0.98, and 
m = 0.309 (g) = 39" 8') ; whence the observation-equations 
following, where ^^? is an arbitrary constant to reduce the 
residual sum to zero, and the absolute terms are the mean 
observed values in the above table of z. 



w 



+ .053 dk 


+ .298 


tr = 


+ .045 


+ .218 


+ .213 


2= 


+ .038 


+ .300 


+ .042 


= 


+.015 


+ .268 


-.142 


— 


-.009 


+ .133 


-.273 


— 


-.028 


-.058 


-.298 


— 


-.034 


-.218 


-.213 


a- 


-.029 


-.300 


-.042 


— 


-.012 


-.268 


+ .142 


— 


+ .013 


-.133 


+ .273 


= 


+ .034 
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The solution by equal weights gives 



w = 4-0^003 



dk = +0''.028 



yr = -hOM28 



from which we have the computed values in the last column 
of the table of z. The extraordinary accordance with the 
observed mean values must be largely fortuitous. If the 
result for parcdlax were reasonable this close agreement 
might be taken as an index of the efiiciency of this method 
of finding parallax. 

A similar computation for the data given by Kimura 
for the other series in A.J, 517 gives us four other values 
of IT, so that we have 



1891-92 


n = -1-0.06 


95-96 


-1- .02 


96-97 


+ .08 


98-99 


+ .14 


1900-01 


+ .13 



Mean tt = +0.086 

Now, it must be at once admitted that such parallaxes 
as these, for stars of the sixth magnitude and average 
proper motion of about 0''.08 or 0".09, are inadmissible, 
according to orthodox notions. They are in fiat contra- 
diction of the inferences from the relations, apparently 
demonstrated by Stumps and Boss, between stellar proper 
motion and solar parallactic motion, taken in connection 
with the spectroscopic measurements of the sun's linear 
velocity. Kapteyn's formulas would give for these stars 
an average parallax of not over 0^.017. 

If we abandon the idea of ascribing more than a moder- 
ate portion of Kimuba's phenomenon to the effect of stellar 
parallax we must seek the cause elsewhere for the principal 
part. 

Let us see whether the observed phenomenon will corre- 
spond with a parallactic effect of another kind, namely, in 
a change of direction in our line of reference. Take the 
hypothesis that I have suggested in A.J. 524, that the 
earth's center of gravity may possibly be subject to an 
annual vibration along the line of the terrestrial axis. 
This does not seem to me intrinsically absurd. Let h be 
the linear semi-amplitude, expressed in feet, of such a 
vibration, and H the sun's longitude on the date corre- 
sponding to its southernmost point. The effect on meas- 
ured latitudes will be the same for all longitudes, and 
will be 

h 



the substitution of which gives us the same computed 
values in the last column of the ;i;-table as before. By this 
hypothesis then there would be an oscillation of five feet 
from a mean position, the southernmost and northernmost 
points being reached on January 2 and July 2, respec- 
tively. 

It is to be remarked that, as I have shown, stellar 
parallax is legitimately responsible for a part of the ob- 
served effect, so that the above numerical value of the 
linear semi-amplitude of the hypothetical oscillation 
would be correspondingly reduced, say to three or four 
feet. 

Numerically, therefore, this hypothesis fits the facts, and 
on that account merely is perhaps worth suggesting for 
examination ; but I presume that the required amount of 
shift is so great as to make the supposition unacceptable, 
as an explanation of the phenomenon. Remains, the 
possibility of anomalous refraction, already suggested by 



(10) 



where 



1 



.sinr 



psin 
= 0".01 



jY, cos qp C0S(O— ^) 



Solving for the constant ii;, and for h and Jf, using the 
observed values of z in the table we find 

w = H-0".003 , A = 5.1 ft. , B = 282^6 (January 2) 



Albrecht ; but this, by its nature, cannot be intelligibly 
formulated and tested at present. So as to the remote pos- 
sibility that there is still lurking a weakness in the joints 
of the star-group combinations, not protected against by 
the existing scheme of observation. What seems to me 
certain is the desirability of enlarging and varying this 
program to meet £uid solve if possible this unforeseen 
dilemma. To dismiss it on the assumption that it is 
merely some form of purely subjective error for which no 
imaginable cause can be assigned would be to repeat a mis- 
take that has confused some other astronomical questions 
at issue within recent memory. 

There are three things that can be done, all of them, un- 
fortunately, expensive and laborious. First, establishment 
of new equatorial and high northerly and southerly sta- 
tions, either singly or in belts. Secondly and more feasibly 
accomplished, provision in the existing belt and at the 
same stations, or at a part of them, of a second observer^ 
in order that the observations, instead of being as now 
confined to four hours of the night, can embrace the whole 
diurnal arc between sunset and sunrise, as nearly as pos- 
sible. This could be accomplished by four-hour shifts for 
each observer on each night as at present, properly alter- 
nated on successive nights or pairs of nights; so as to 
eliminate personal differences as well as to cover practi- 
cally the whole visible arcs. Thirdly, the easier but neces- 
sary undertaking of the reduction, of all the numerous 
series of observations made during the past twelve years 
by Talcott's method, to the correct value of the aberration- 
constant ; so that by comparison of homogeneous results we 
may arrive at the best conclusions about this new and most 
interesting residual phenomenon, which, by the distinct- 
ness of the evidence that supports it, is most emphatic 
witness to the high precision to which astronomical meas- 
urement has been brought. 
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OBSERYATIONS OF COMET h 1902 (pebbine), 

MADE WITH THE 11-INCH EQUATORIAL AT THE SMitH COLLEGE OBSEBVATORY, KOBTHAMPTON, MASS., 

By MARY E. BYRD. 



1902 Greenwich M.T. 


♦ 


Comp. 


Ja 


jB 


App.a 


App.8 


logpA 


Red. to App. PI. 


Sept. 2 


h m • 

19 27 37 


1 


12,6 


-t-0'°20!36 


-3 ll'.8 


b m • 

3 16 13.55 


+35° 21 '32*3 


n9.402 


0.172 


+3*97 + 1*2 


5 


16 7 14 


2 


14,8 


-0 20.54 


+ 5 58.1 


3 12 55.90 


+36 37 10.5 


«9.718 


0.569 


+4.10 + 1.4 


7 


16 2 44 


3 


12,8 


+0 9.68 


-0 17.1 


3 9 55.28 


+ 37 36 16.3 


n9.720 


0.546 


+4.23 + 1.6 


8 


17 21 7 


4 


13,8 


+ 2 18.70 


-0 11.4 


3 8 3.45 


+ 38 9 54.3 


M9.639 


0.334 


+4.31 + 2.0 


10 


18 17 14 


5 


12,8 


-1 15.63 


+ 5 56.7 


3 3 46.47 


+ 39 20 21.7 


M9.508 


0.069 


+ 4.43 + 2.1 


11 


16 53 36 


6 


12,8 


+0 24.22 


+ 6 59.6 


3 1 27.96 


+39 55 28.4 


n9.663 


0.318 


+4.51 + 2.5 


14 


17 17 48 


7 


12,7 


+ 1 34.22 


+ 4 46.9 


2 52 13.47 


+42 51.2 


n9.601 


0.075 


+ 4.76 + 3.7 


Oct. 8 


18 57 12 


8 


12,8 


-0 17.22 


-4 5.3 


19 49 6.49 


+41 26 13.1 


9.534 


9.972 


+ 2.38 +33.6 


10 


15 27 38 


9 


11 ,8 


-1 6.88 


+ 1 38.8 


19 14 20.86 


+ 34 3 46.2 


9.691 


0.557 


+2.15 +30.5 


1 14 


14 3 43 


11 


12, 8 


-0 15.66 


-3 27.5 


18 30 22.96 


+ 21 21 26.9 


9.620 


0.646 


+ 2.02 +24.0 


1 16 


13 52 1 


12 


12,7 


-2 8.04 


+ 1 0.1 


18 15 19.47 


+ 16 6 55.8 


9.619 


0.695 


+ 2.02 +21.6 


20 


12 51 40 


13 


12.8 


+ 1 58.69 


-2 49.4 


17 53 31.37 


+ 7 55 24.5 


9.495 


0.717 


+2.00 +17.0 


25 


11 44 55 


14 


15,8 


-0 4.15 


-3 26.1 


17 34 55.55 


+ 45 28.4 


9.542 


0.767 


+ 2.05 +13.2 


31 


11 8 16 


15 


12,9 


-0 37.11 


+ 6 36.5 


17 18 27.47 


- 5 7 15.2 


9.549 


0.793 


+ 2.03 +10.1 


Nov. 1 


11 11 59 


16 


12,7 


+ 1 15.71 


-6 41.8 


17 16 2.46 


- 5 55 7.6 


9.562 


0.795 


+ 2.02 + 9.6 


2 


11 7 6 


17 


11 .8 


+ 1 40.55 


+ 19.2 


17 13 37.47 


- 6 40 10.1 


9.565 


0.797 


+ 2.02 + 9.2 





Mean Places 


of Comparison- Stars for the beginning of the 


year. 


* 


a 


8 


Authority 


♦ 


a 


8 


Authority 




h m s 


O / ff 






h m s 1 o > ir 


■" 


1 


3 15 49.22 


+ 35 24 42.9 


Lund, A.G. 1731 


10* 


19 14 34.40 1 +33 57 28.7 


Leiden, A.G. 7247 • 


2 


3 13 12.34 


+36 31 11.0 


Lund, A.G. 1712 


11 18 30 36.59 1 +21 24 30.4 


Berlin, B.A.G. 6545 


3 


3 9 41.37 


+37 36 31.7 


Lund, A.G. 1680 


12 


18 17 25.49 1+16 5 34.2 


Berlin, A.A.G. 6745 


4 


3 5 40.44 


+ 38 10 3.7 


Lund, A.G. 1643 


13 


17 51 30.68 + 7 67 56.9 


Leipzig II, A.G. 8176 


6 


3 4 57.67 


+ 39 14 22.9 


Lund, A.G. 1634 


14 


17 34 57.65 + 48 41.3 


Nicolajew, A.G. 4379 


6 


3 59.23 


+39 49 26.3 


Lund, AG. 1595 


15 


17 19 2.55 - 5 14 1.8 


Paris III, 22043 


7 


2 50 34.49 


+ 41 56 0.6 


Bonn, A.G. 2502 


16 


17 14 44.73 - 5 48 35.4 


Paris III, 21919 


8 


19 49 21.33 


-t-41 28 44.8 


Bonn, A.G. 13492 


17 


17 11 54.90 1 - 6 40 38.5 


Ottakring, A.G. Zones 


9 


19 15 25.59 


+34 1 36.9 


Leiden, A.G. 7258 









* Owing to fog, second measures for JS were made from 5|clO whose difference In declination from 5|c9 was measured by 
micrometer. 



EPHEMERIS OF COMET d 1902. 



1903 Gr. M.T. 



Feb. 



1.5 

3.5 

5.5 

7.5 

9.5 

11.5 

13.5 

16.5 

17.5 

19.5 



App. a 
h m s 

6 41 31 
40 34 
39 43 
38 56 
38 15 
37 41 
37 13 
36 51 
36 34 

6 36 25 



App. 8 

-^ IS 59.0 

14 39.0 

15 18.6 

15 57.9 

16 36.8 

17 15.4 

17 53.5 

18 30.9 

19 7.8 
+ 19 44.0 



log A 
0.2852 

0.2899 

0.2954 

0.3018 

0.3089 



1903 Gr. M.T. 

Feb. 21.5 
23.5 
25.6 
27.5 
1.5 
3.5 
5.5 
7.6 
9.6 



Mar. 



App. a 
h m • 

6 36 21 
36 25 
36 34 

36 51 

37 14 

37 44 

38 21 

39 4 
6 39 54 



App. 3 

+ 20*' 19.6 

20 54.5 

21 28.6 
2.0 

34.7 
6.7 

37.8 
8.2 



22 
22 
23 
23 
24 



+ 24 37.9 



log A 

0.3166 
0.3248 
0.3335 
0.3424 
0.3616 



Computed from Ristenpart's elements, A.K. 8888. — Ed. 
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COMET a 1903. 

[From Ritchie's Circular, No. 183, of January 27.] 



IflOSGr. M.T. 

Jan. 19.2498 
21.4915 
25.5643 



h m s 

22 57 48 

23 6M 
23 4 38.3 



+ 2 12 27 

2 47 46 

+3 48 16 



Observer 

Nice 

Dinwiddie 

Seares 



A message received January 20, from Dr. Kreutz at 
Kiel, via Harvard College Observatory, announced the dis- 
covery of a comet by Giacobini, at Nice, on January 15, 
together with a position secured at Nice on January 19. ! 
Captain C. M. Chester, Superintendent of the U.S. Naval ' 
Observatory, transmitted a position by Mr. Dinwiddie of 
January 21, which was circulated by telegraph to American 
astronomers, and a third position has been received from 
Professor Seares, Director of Laws Observatory, taken by 
himself. The latter was received via Harvard College 
Observatory. The positions and an orbit from Dr. Kreutz 
are here given : 



Elements. 
T = 1903 March 14.84 

TT-Sl = 133''37 ) 

8 = 2 32 V Mean Eq. 1903.0 
i = 30 30 ) 

7 = .4085 



1008 Or. Midnight 

Jan. 25 

29 

Feb. 2 

6 



Ephemeris. 

a 
b m • 

23 4 36 
23 9 24 
23 14 40 
23 20 20 



+ 3 48 
4 52 
6 

+ 7 13 



Light 
1.46 

2.64 



Computed from observations of January 19, 21 and 23. 
Light January 16 »= 1. 



ELEMENTS AND EPHEMERIS OF COMET cl 1903 (giacobini). 

By H. R. morgan and ELEANOR A. LAMSON. 
[Communicated by Captain C. M. Chester, U.S.N., Superintendent]. 



The following elements were deduced from three obser- 
vations at Nice, Jan. 19, and at Washington, Jan. 21 and 
Jan. 23 : 

Elements. 
T = 1903 April 6.4289 Gr.M.T. 



Ecliptic 
1903.0 



n = 127 57 53 
8 = 359 39 10 
i = 37 36 38 
\ogq = 9.72151 

Residuals (0-C) : J\ cosj3 = - 8.1 
JjS = - 1.6 

Heliocentric Coordinates. 



jT = r 

y — ^ 

z =T r 



9.999997] sin (218 2 13 -h v) 
'9.684735] sim (127 39 12 + v) 
"9.942091] sin (128 9 15 + v) 



Ephembris. 



1908 Gr.M.T. 


a 
h m • 


8 

O / 


log A 


T.igh 


Jan. 31.5 


23 11 62 


+6 22.4 


0.3059 


1.3 


Feb. 4.5 


23 17 14 


6 30.9 


0.2985 


1.6 


8.5 


23 23 


7 43.8 


0.2901 


1.7 


12.5 


23 29 12 


9 1.2 


0.2805 


2.1 


16.5 


23 36 62 


10 23.5 


0.2698 


2.4 


20.6 


23 43 6 


+ 11 51.0 


0.2677 


2.9 



Brightness on Jan. 19.5 is adopted as the unit. 

No defined nucleus is seen as yet, but these elements in- 
dicate that the comet will be visible continuously east of 
the sun, becoming very much brighter, and passing the 
earth in May and June at about 0.5 of a unit's distance. 

U.S. Naval Observatory, 1908 Jan, 27. 
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P0SITI0:N^S AXD motions of 627 STANDARD STARS, 



By lewis boss. 



An effort to ascertain the positions of the principal 
standard stars with exactness finds its justification, even 
though a relatively small improvement in our knowledge 
is thereby attained, since the results have fundamental 
bearings upon a variety of the more important problems 
which engage the attention of practical astronomers. 

In the derivation of the position of a single star from 
past observations it may not be of very great importance 
whether the systematic corrections employed conform to 
one, or another, of the various standard catalogues. But 
in computing a large number of positions and motions of 
stars, as the basis of any investigation requiring high pre- 
cision, the selection of the standard catalogue from which 
the systematic corrections of the catalogues of observation 
are to be ascertained predetermines the final result in a 
marked degree. 

Thus, if the position of the solar apex be derived from 
proper motions of the stars between -f40° and —30** of 
declination, computed from the various catalogues of obser- 
vation by the aid of systematic corrections derived from 
the Standard Catalogue, B, of this paper, its declination 
will come out more than 10** further north, than it will if 
systematic corrections in conformity with the standard 
ctitalogue of the Berliner Jahrbuch, A, be employed. It 
will thus be seen that the most probable position of the 
solar apex is far more a matter of the standard catalogue 
upon which it is based than it is of the mathematical 
method employed. Any attempt to improve our knowledge 
of the direction of the sun's way, therefore, involves in the 
first line an improvement in our knowledge of the positions 
and motions of the standard stars. 

In like manner, any question relating to a supposed 
rotation of the celestial sphere, or of any part of it, must 
depend in a very important degree upon the conclusions to 
be drawn relative to the accuracy of our standard catalogues 
upon which such computations must ultimately rest. 

No great refinement in the computation of orbits of 
bodies within the solar system, which range over wide 
limits in declination, is possible without attention to the 



systematic errors of the star-positions upon which such 
computations must be based. 

Scope of this Work and Acknowledgements. 

The catalogue of 627 principal standard stars here pre- 
sented is the result of an attempt to provide an improved 
basis for computations relating to real, or apparent, syste- 
matic motions of the stars. It is to be regarded as the 
exhibit of an intermediate stage of an investigation which 
is in progress and which it is not advisable to complete 
until further important series of meridian observations 
provide the necessary basis for a more definitive compu- 
tation. This is especially pertinent as to the southern 
hemisphere, in respect to which our knowledge derived 
from observation is still scanty to a lamentable degree. It 
is to be hoped that the next few years will witness very 
important additions to the testimony of observation as to 
the positions of the brighter stars at various epochs. The 
plan of observation with the new transit-circle of the Cape 
observatory may be expected to double, in the systematic 
sense, the weight of determination of stellar motion for the 
southern sky ; and it is to be hoped that, in the near future, 
other contributions of a similar character may be secured 
in respect to that region of sky. Generally we may hope 
that there will soon be a notable increase of contributions 
in this line through the re-reduction of older series of obser- 
vations, through the reduction of recent observations 
already made, and by further and more precise observa- 
tions in this field. The stimulus of increased interest in 
problems relating to the sidereal system seems sufficient to 
warrant this expectation. 

The positions of the present catalogue are the result of 
successive approximations founded, in the first instance, 
upon the right-ascensions tabulated in a five-year ephemeris 
at the end of " Newcomb's Standard and Zodiacal Stars,'^ 
Ni, and upon the declinations of the principal stars con- 
tained in the wiiter's work entitled, ^^Declinations of Fixed 
Stars " (also declinations of the American Ephemeris, 1881 
to 1899), B,. As the right-ascensions now stand they are 

(17) 
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supposed to represent essentially the equinox, Nj, of New- 
comb's '^Equatorial Fundamental Stars " in so far as terms 
in Ja^ are concerned, but in respect to terms, Ja^, varying 
with the declination they present a new and independent 
system differing decidedly from those of Auwers and New- 
comb. In declination a new system has resulted, though it 
is essentially identical with B, as to terms in z/a. . 

With the exception of Albany observations and the last 
six hours of the Paris Catalogues, the results of unpublished 
observations are not included. The results for the last six 
hours of the Paris Catalogue, for the stars in this catalogue 
and for many others, were communicated in the most 
prompt and obliging manner by Director Loewy of the 
National Observatory at Paris. 

In this investigation were employed all star-catalogues 
found in the library of the Dudley Observatory which 
promise useful contributions to this purpose. Exceptions 
were made as to catalogues of annual results not yet com- 
piled in the form of general catalogues and of some minor 
and partial catalogues, which were not included in the 
computations for the standard catalogue. 

It may be well to remark that the positions of this cata- 
logue have no dependence, in the systematic sense, upon 
any meridian observations of a date earlier than the Konigs- 
berg observations of 1820. It has also been assumed that 
in the computations for standard stars no special benefit 
(but some possible harm) could be anticipated from the 
employment, even in a differential sense, of observations 
like those of Mayer, Piazzi and Groombrtdge, however 
useful these may become in computations for the positions 
and motions of stars in general. 

I am indebted to the courtesy of the Superintendent of 
the Naval Observatory, to Professor Pickering, Director 
of the Harvard College Observatory, and to Dr. Chandler, 
Editor of the Astronomical Journal, for the loan of im- 
portant star-catalogues not found in the library of this 
observatory. It may have happened that a few star- 
catalogues, that might have proved useful, have been over- 
looked in this necessity of gathering material from so many 
sources. The present work must be regarded, however, 
merely as one of the approximations aiming at a more 
definitive result which cannot be reached with good ad- 
vantage for some years to come. It is merely supposed that, 
in this approximation, a stage has been reached such that 
further amendments to the positions and motions will be 
small, or, at least, not abruptly different for adjacent 
regions of sky. Meanwhile the catalogue in its present 
state is offered as a possible improvement on what has 
gone before, and as that which will serve as the temporary 
basis for various works in progress at this Observatory. 

Moreover, this is an attempt to produce 1 consistent sys- 
tem of standard star-positions and motions, by considering 
simultaneously all the material of observation from pole to 
pole in a homogeneous investigation, in which each series 



of observations is designed to exert its due influence upon 
the result with careful reference to its relations to other 
series of observations. 

The preparation for this research has been in progress at 
odd times for several years. Within the last two years 
the time of the Observatory staff has been almost wholly 
given up to this purpose. Most efficient aid, in the more 
responsible parts of the work as well as in the details of 
computation, has been rendered by Assistants Arthur J. 
Roy and William B. Varnum. 

Throughout this and related investigations in progress 
here the work has been efficiently aided by liberal appro- 
priations from the Bache Fund of the National Academy 
of Sciences. Without such aid the work would not have 
been undertaken. Means for publication of the results in 
cooperation with the Astronomical Journal have also been 
accorded by the Directors of the Bache Fund. All these 
grants have been made with a sympathy and readiness of 
appreciation which have enhanced their value, and for 
which I express my warmest thanks. 

Comparison with the Standard Catalogues of 
Newcomb and Auwers. 

Perhaps the general result of the present research can 
most readily be defined by comparison with the ''Catalogue 
of Fundamental Stars for 1875 and 1900,^^ N,, by Professot 
Newcomb, which is now serving as the basis for several 
astronomical ephemerides, and with the revised catalogues 
of Dr. Auweks, as they appear in " Vorldufige Verbesserung 
des Fundamental-Catalogs^^ {A.N,, Bd. 147, p. 49 ff.), A„; 
*^ Fundamental-Catalog fur Zonen-Beoba^htungen am Sud- 
himmd" (A.N., Bd. 143, p. 361ff.), A,; and the revised 
positions of 303 stars, in an intermediate zone, as published 
in the Berliner Jahrbuch for 1901, A,. The results of this 
comparison are presented in the following tables, in which 
the individual results were obtained by subtraction in the 
senses respectively indicated, and were then combined into 
regular groups with the use of weights printed in the cata- 
logue. The epoch of the comparisons in R.A. is uniformly 
1900. 

Right- Ascension; z/a. and 100 z//x.. 
Decl. -h37°.6 to — 22^ 







B — Na 






B — An 




a 


No.** 


Jo. 


100 J/u 


No.** 


Ja. 


^/^ 


b 




25 


-!005 


-!005 


15 


!ooo 


+ .019 


2 


26 


-.004 


-.007 


20 


-.002 


+ .016 


4 


25 


-.006 


-.011 


22 


-.003 


+ .004 


6 


22 


-.005 . 


-.010 


20 


-.006 


-.019 


8 


14 


-.006 


-.017 


12 


-.005 


-.021 


10 


24 


+ .001 


+ .014 


18 


-.004 


-.018 


12 


21 


-.002 


+ .003 


16 


-.001 


-.008 


14 


20 


+ .002 


+ .015 


13 


+ .005 


+ .010 


16 


30 


+ .002 


+ .004 


24 


+ .001 


+.009 


18 


20 


+.005 


+.013 


19 


+ .007 


+.013 


20 


28 


.000 


+ .004 


21 


+ .005 


-.004 


22 


31 


-.002 


+ .005 


25 


.000 


+ .007 
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It should be remarked that the positions and motions of 
many stars were computed which are not included in the 
present catalogue, B, — especially in the sky south of — 22^ 
These additional stars have been made use of in the pre- 
ceding comparisons as well as in those which follow. 

Following are the expressions for Ja^ and J/x. which 
result from the preceding table. 



B-N,: Ja. = 
100 Jfi. = 

B-A„: z/a. = 
100 Jfi^ = 



0*000 
0.000 

+0.0270 
+0.088 



-0.0039 sin a —0.0020 cos a 

-0.010 -0.005 

— O.OOol sin a + 0.0002 cos a 

-0.010 +0.010 



The periodic terms in Ja,, though very small, are clearly 
indicated. The correction for A„ may safely be assumed 
to apply also to Aj and A^. The assumption of 

T'-1900 



+0'.027 +0-.088 



100 



as the equinox-correction of A„ is somewhat arbitrary ; but 
any defect in this assumption is compensated in the values 
of ziae and Jfi^ which appear in the tables of correction. 

In general, the determination of the equinox-correction 
is beset with minor difficulties due to uncertainties in the 
errors which depend upon the declination. These uncer- 
tainties are also inherent in the original determinations of 
the successive positions of the equinox. In view of this it 
may be assumed that the equinox, Nj, has been preserved 
in the present computation with such accuracy as the state 
of the case would readily allow. 

The system, B, appears to satisfy very well the mean of 
the best modem determinations of absolute right-ascension 
in respect to terms in zia., as will hereafter appear; so 
that the testimony of these determinations does not point 
to a correction of B in this respect which would account 
for any important part of the differences, B — N, and 
B-A„. 

Right-Ascension ; Ja^ and 100 J fie . 
B — Nj 

8 No.** Jas 



8 No.** 
+87*' 11 



80 
76 
70 
66 
60 
55 
50 
45 
40 
35 
29 
25 
20 
15 
10 
- 5 




6 
10 
11 

8 
17 
11 
17 
16 
20 
16 
22 
24 
24 
23 
27 
33 
17 



+ .036 
-.006 
-.028 
-.025 
-.023 
-.031 
-.027 
-.020 
-.029 
-.010 
-.001 
-.007 
-.005 
-.003 
-.002 
-.002 
-.003 
-.001 



100 J^, 

+ .180 
+ .112 
-.016 
-.024 
-.016 
-.048 
-.050 
-.039 
-.063 
-.030 
-.014 
-.016 
-.004 
-.007 
.000 
-.001 
+ .003 
+ .006 



- 5 
9 
15 
19 
25 
29 
35 
40 
45 
50 
55 
60 
65 
70 
75 
79 

-87 



21 
30 
29 
25 
22 
16 
17 
16 
25 
12 
13 
19 
13 
10 
4 
9 
15 



-.003 
-.001 
+ .004 
+ .014 
+ .020 
+ .028 
+ .027 
+ .040 
+ .054 
+ .041 
+ .046 
+ .024 
-.009 
+ .030 
+ .019 
+ .055 
-.018 



100 J^4 

-.011 
+ .005 
+ .019 
+ .030 
+ .040 
+ .070 
+ .055 
+ .047 
+ .086 
+ .068 
+ .144 
+ .051 
+ .016 
+ .177 
-e.137 
+ .214 
-.113 



For the groups south of — 20° the individual differences 
are very irregular, as will be seen by reference to the indi- 
vidual comparisons . printed in connection with the Cata- 
logue. 



Right- Ascension ; Ja^ and 100 z//x, 
B — An B 



— B.J. 



No. ** Jas 



100 Jfis 



Ja^ 



lOOJfii 



o 

+87 


7 


-.049 


-.015 


-.102 


-•.134 


80 


6 


+ .048 


+.224 


+ .107 


+ .429 


76 


8 


+ .019 


+ .088 


+ .037 


+.112 


70 


11 


+ .003 


+ .060 


+ .027 


-.068 


66 


9 


.000 


+.045 


+ .017 


+ .116 


60 


17 


-.018 


-.001 


-.010 


-.079 


55 


10 


-.031 


-.031 


-.021 


-.016 


50 


17 


-.026 


-.021 


-.031 


-.036 


45 


16 


-.029 


-.026 


-.028 


-.017 


40 


20 


-.019 


-.004 


-.019 


+ .014 


35 


16 


-.021 


-.012 


-.024 


-.014 


29 


20 


-.017 


-.022 


-.023 


-.033 


25 


22 


-.015 


-.023 


-.009 


-.005 


20 


18 


-.007 


-.030 


-.007 


-.014 


15 


22 


-.002 


-.005 


.000 


-.007 


10 


25 


-.001 


-.020 


.000 


-.014 


+ 5 


23 


+ .006 


+ .007 


+ .011 


+ .019 





14 


+.012 


+ .020 


+.019 


+ .027 


- 4 


14 


+ .006 


+ .024 


+ .017 


+ .032 


9 


21 


+ .010 


+ .018 


+ .006 


+.016 


15 


22 


+ .013 


+ .022 


+ .018 


+ .063 


19 


12 


+ .011 


+ .036 


+ .001 


+ .017 


26 


13 


+ .016 


+ .041 


+ .025 


+ .046 


-30 


6 


+ .035 


+ .095 


+ .035 


+ .096 



The meridians of right-ascension for 45° on either side 
of the equator, as defined by N, and A, seem to be in- 
clined with reference to the meridian defined by B, both in 
the same direction and by nearly the same amounts. For 
both N, and Ag the discrepancy amounts to about 

r'-1900 



+0'.045 +0-.08 



100 



in the neighborhood of —45** of declination ; and to some- 
thing like 

^'-1900 



-0V025 -0-.02 



100 



for An , and 



-0'.017 -0-.04 



T^-1900 
100 



forN2,at +45 



These discrepancies have received care- 
ful attention and, while the meridian south of the equator 
is still very uncertain, it does not seem probable that any 
considerable part of the differences is attributable to error 
in the meridian B, so far as weight of existing testimony 
is competent to decide. 

The system of the "303 stars," Aj, and of the southern 
stars, Ag, should be conformable in right-ascension with 
An- The determination of Ja^ and Jfi^ will therefore 
suffice for these. 
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Right- Ascension ; 


Ja, AND IOC 


•^M*- 






/ 


B-N, 


—22° to - 


-70° 


B-A 






B — Ai 






B- 


-A, 




a 


No.** 


J8. 


100 V- 


No.** 


48. 


100 J/i'. 


8 No. ♦♦ Jo, 

o s 


100 Jju, 

a 


8 No.** Jan 

O 8 


100 J/x, 

8 


b 



13 


+'l6 


+ '.16 


14 


+'.17 


+!65 


+ 2 24 


+ .009 


+ .013 


-36 


28 


+.031 


+ .076 


2 


11 


+.15 


+ .28 


16 


+.18 


+.56 


- 5 16 


+ .013 


+ .021 


-40 


23 


+ .041 


+ .103 


4 


16 


-.10 


- .09 


19 


-.06 


-.03 


-10 26 


+ .009 


+ .035 


-46 


29 


+ .045 


+ .099 


6 


15 


+ .01 


- .08 


19 


-.06 


-.32 


-15 21 


+ .009 


+ .023 


-50 


15 


+ .042 


+ .081 


8 


13 


-.11 


- .28 


14 


-.10 


-.11 


-20 22 


+ .013 


+.030 


-54 


18 


+.025 


+ .062 


10 


16 


+ .29 


+ 1.09 


18 


-.07 


-.11 


-24 12 


+ .018 


+ .049 


-60 


20 


+ .010 


+ .065 


12 


13 


+ .05 


- .07 


15 


-.18 


-.32 








-65 


17 


+ .013 


+ .081 


14 


11 


-.10 


+ .07 


15 


+ .12 


+ .58 




B — A, 




-70 


13 


+ .013 


+ .151 


16 


18 


-.08 


- .13 


26 


+ .08 


+ .27 


-22 9 


+ .016 


+ .030 


-75 


5 


+ .012 


+ .058 


18 


25 


-.05 


- .12 


26 


.00 


-.48 


-24 21 


+ .020 


+ .047 


-79 


8 


+ .010 


+ .130 


20 


11 


-.09 


- .67 


10 


-.17 


-.98 


-29 20 


+ .037 


+ .089 


-87 


13 


-.211 


-.691 


22 


10 


-.08 


- .25 


13 


+ .14 


+ .26 



As in An , in order to have the differences actually found, 
+0'.027 should be added to the above values of Ja^, and 
+0».088 to those of 100 zi/x,, — these corrections corre- 
sponding to the difference of equinoxes, B— A. 

Comparison of Declinations. 

The subjoined tables exhibit the results of comparison 
for the declinations, corresponding to the epoch 1900, ex- 
cept for B,, (Declination of Fixed Stars and American 
Ephemerisj 1881-1899, and its Extension southward from 
— 20°, as published in Ast,Jour., No. 450), for which the 
epoch of comparison is 1875. 

The values of z/8„ and /i/i'. are first cleared from the 
effect of terms in zi8, and z//*', . 

Declination ; M, and z//x'« . 







B — Ns 


+80° to +40° 


B — A 




a 


No.** 


J8. 


100 J/i'. 


No.** 


J8. 


100 Jfi'. 


h 




8 


+!05 


+ .09 


8 


+'.15 


+!l9 


2 


10 


-.07 


-.08 


9 


-.01 


-.05 


4 


10 


-.03 


+.06 


10 


-.03 


+ .03 


6 


5 


+ .02 


+ .08 


5 


+ .03 


+ .22 


8 


4 


.00 


+ .06 


4 


-.08 


-!i8 


10 


7 


-.06 


-.29 




-.13 


-.09 


12 


10 


-.04 


-.23 


10 


-.05 


+ .02 


14 


7 


+ .05 


+ .15 


6 


-.01 


+ .04 


16 


9 


+ .05 


+ .07 


9 


-.04 


-.12 


18 


12 


+ .09 


+ .14 


11 


+ .03 


-.06 


20 


]3 


-.04 


-.06 


13 


+ .02 


+ .05 


22 


8 


+ .01 


+ .02 
+40° to — 


8 

22° 


+ .08 


-.01 





28 


+ .04 


+.04 


17 


+ .04 


+ .04 


2 


26 


+ .02 


+ .08 


20' 


+ .01 


+ .05 


4 


27 


+ .05 


+ .05 


24 


+ .02 


-.01 


6 


21 


+ .05 


+ .16 


19 


+ .02 


+ .14 


8 


16 


+ .03 


+ .01 


14 


-.17 


-.23 


10 


23 


+ .01 


-.02 


17 


-.13 


-.25 


12 


22 


-.06 


-.07 


17 


-.03 


-.18 


14 


22 


-.04 


+ .04 


16 


+ .04 


+ .12 


16 


32 


-.06 


-.12 


26 


-.02 


.00 


18 


21 


-.01 


-.06 


20 


+ .01 


+ .06 


20 


28 


-.05 


-.12 


22 


+ .06 


-.03 


22 


32 


+ .04 


+ .10 


25 


+ .13 


+ .19 



The periodic terms result as follows : 

Limits B — N2, J8. B — Nj, 100 J/^'- 

4-80 440 -.033 sin a -.002 cos a -.04 sin a +.05 cos a 
4-40 -22 +.040 +.032 +.07 +.04 

-22 -70 +.056 +.001 +.18 -.15 



Limits 



B — A, J8a 



B — A, 100 Ja/'. 



+ 80 +40 -.030 sin a +.073 cos « +.02 sin a +.06 cos a 
+ 40 -22 -.048 +.074 -.06 +.11 

-22 -70 -.032 +.080 +.08 +.12 

The consistency of the comparisons, B — A, in the several 
zones is worthy of special note. It seems to offer satis- 
factory evidence that the numerical accuracy of the compu- 
tations for the positions and motions of the individual stars 
in ea3h catalogue are practically above reproach. 

From these, omitting Newcomb's stars south of —22°, 
we may assume the definitive corrections to be : 



B-N, J8. 

100 Jfji'^ 

B-A JS^ 

100 Jfi'^ 



+ 0.022 sin a +0.024 cos a 

+0.04 +0.04 

* If 

— 0.041 sin a +0.075 cos a 

-0.01 +0.10 



The values of JS^ and 100 J/x', for the Berliner Jahrbuch, 
1883-1900 may safely be assumed to be the same as for 
A^ ; and for B, , 1875, practically the same as for the cata- 
logue of the present investigation. In view of the uncer- 
tainties relating to our present knowledge of the laws of 
variation of latitude at different epochs, no highly critical 
investigation of the systematic terms in JS^ for the present 
catalogue has been undertaken. It is believed that this 
can be much more effectively done at a later time. It is 
notable, however, that for the modern series of observed 
declinations the discrepancies from the standard following 
the order of right-ascension are comparatively minute, not- 
withstanding differences of epoch and of the longitude of 
the observatories concerned. It is proposed to treat this, 
matter more in detail in a subsequent chapter. 
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It should also be noted that the system, B,, with which 
comparison is made, though practically identical in the 
systematic sense with that of ^^Declinations of Fixed Stars/' 
differs from it in that the individual positions and motions 
of 50 stars were first revised for the uses of the present 
computation. 



Declination; z/8, and 100z//x', for B— N, and B— B,. 

B — B«, 1875 
8 No.** J8, 100 V. 



B-N, 
8 No.** J&i 



100 Jfi's 



+87 
80 
76 
70 
66 
60 
55 
50 
45 
40 
35 
29 
25 
20 
15 
10 

H- 5 


- 5 
9 
15 
19 
25 
29 
35 
40 
45 
50 
55 
60 
65 
70 
75 
79 

-87 



-.08 
-.01 
+ .06 
-.01 
.00 
-.14 
-.17 
-.16 
-.19 
-.31 
-.30 
-.22 
-.25 

— .22 
-!27 

— .22 
-!36 
-.36 
-.31 
-.31 
-.35 



11 

6 

10 
11 

9 
17 
11 
17 
16 
20 
16 
22 
24 
24 
23 
27 
33 
16 
21 
30 
29 
25 -.29 



+ 
+ 



23 
18 
21 
17 
25 
12 
13 



-.26 
-.01 
-.17 
-.03 
+ .08 
+ .07 
-.02 



19 +.01 



13 

10 

4 

9 

15 



+ .27 
+ .17 
-.10 
+.13 
-.06 



.09 
.02 
.28 

- .06 
+ .22 

- .08 

- .06 

- .05 

- .09 

- .31 

- .24 

- .02 

- .21 

- .15 

- .37 
+ .01 

- .28 

- .23 

- .27 

- .17 

- .16 

- .16 
+ .05 
+ .40 

- .22 
+ !36 
+ .67 
+ .69 
+ .55 
+ .78 
+ 1.41 
+ .87 

- .28 
+ .22 

- .16 



+78 11 +.12 + .34 



69 19 +.15 + .35 



60 
55 
50 
45 
40 
34 
29 
25 
20 
15 
10 

+ 5 


- 6 
10 
14 
19 
24 
27 
32 
40 
44 
48 
54 
59 
63 
66 
70 

-78 



19 


+ .14 


+ 


.49 


10 


+.16 


+ 


.58 


17 


+ .13 


+ 


.48 


14 


+ .10 


+ 


.37 


19 


+ .09 


+ 


.32 


14 


+ .06 


+ 


.14 


18 


.00 


+ 


.17 


18 


-.02 


+ 


.14 


16 


-.04 


+ • 


.13 


19 


-.07 


+ 


.14 


23 


-.05 


+ 


.26 


21 


-.04 


+ 


.25 


11 


— .06 


+ 


.14 


13 


.00 


+ 


.26 


15 


.00 


+ 


.39 


18 


+.03 


+ 


.45 



Declination; JS^ and 100 Jfi^^ for B — A^ and B— B.J. 

B — B.J. 



13 +.01 
21 .00 



17 
17 
15 
29 
25 
21 
19 
22 
15 
11 
12 



+ .01 
.00 
-.04 
-.01 
-.04 
+ .01 
-.02 
-.02 
.00 
-.05 
+ .02 



+ .54 
+ .18 
+ .58 
+ .31 
+ .42 
+ 1.16 
+ 1.44 
+ 1.15 
+ 1.34 
+ 1.12 
+ 1.15 
+ 1.61 
.00 



Down to the limit of stars which can be observed with 
advantage in high northern latitudes the systematic differ- 
ences, B—Ng, for the proper motions, are very small, and 
are chiefly due to the weight which Professor Newcomb 
attributed to the results of planetary observation (Ast.Fap, 
Am, Eph.j Vol.VIII, Pt. II, p. 191). As to the region south 
of —30® the values of Jfi'g are intrinsically very uncertain 
on account of the small totality of weight of the observed 
declinations for the south polar regions ; and also, in some 
degree, because of the defects of the Mural Circle at the 
Cape, used by Henderson and Maclbar, — a matter which 
will be treated in some detail in a subsequent chapter. 



8 No. ♦* 



+ 87 
80 
76 
70 
66 
60 
55 
50 
45 
• 40 
35 
29 
25 
20 
15 
10 

+ 5 


- 5 

9 

15 

19 

25 

-30 



7 
6 
8 
11 
9 
17 
10 
17 
16 
20 
16 
20 
22 
18 
22 
25 
23 
14 
14 
21 
22 
12 
13 
6 



B — An 

-.05 
+ .02 
+ .21 
+ .16 
+ .22 
+ .15 
+ .13 
+ .08 
+ .18 
-.12 
-.28 
-.19 
-.23 
-.30 
-.18 
-.17 
-.12 
-.04 
.00. 
+ .07 
+ .22 
+ '.38 
+ .64 
+ .75 



100 Jfi'^ 



+ 
+ 
+ 
+ 
+ 
+ 



.05 
.41 
.94 
.77 
.62 
.43 
.28 

- .10 
.00 

- .99 
-1.38 
-1.05 
-1.17 
-1.38 
-1.20 
-1.18 
-1.01 

- .84 

- .92 

- .99 
-1.05 

- .94 

- .63 

- .82 



J8, 

+ !04 
-.03 
+ .39 
+ .18 
+ .23 
+ .16 
+ .15 
+ .14 
+ .21 
-.32 
-.52 
-.06 
-.22 
-.28 
-.14 
-.15 
-.17 
+ .05 
-.10 
+ .02 
+ .24 
+ .44 
+ .70 
+ ,65 



+ .49 
+ .39 
+ 1.22 



+ 
+ 
+ 



.82 
.67 
.48 
+ .23 
+ .17 
.00 
-1.51 
-2.16 

- .54 
-1.04 
-1.34 
-1.12 
-1.16 
-1.07 

- .68 
-1.09 
-1.11 
-1.00 

- .74 

- .46 

- .99 



There is, of course, a close general resemblance between 
the numbers, B— A„ and B — B.J. But the latter, as might 
have been expected, show very much more clearly the sys- 
tematic distortions produced by the dependence of the 
proper motions upon Bradley's declinations. In fact, 
the zones should be much less than five degrees wide in 
order properly to show the irregularities in the region 
+ 25° to +45°, wherein the defects of Bradley's quadrant 
are undoubtedly very great. In the tables of systematic 
differences, further on, it will be assumed that the syste- 
matic correction for B.J. (1883-1900) is the same as that 
for Aq , with the reservation that it would be difficult to 
assign any very exact corrections to the proper motions of 
the former in the zone of +25° to +45°. 

Declinations ; ziS, and 100 Jfi^g for B — Aj and B — A, . 



B— Ai 
5 No.** J& lOOJfi'i 



B— As 
8 No. ** J8, 



+ 2 
- 5 
-10 
-15 
-20 
-24 



-22 
-24 



24 
16 
26 
21 
22 
12 



-.20 
-.21 
-.21 
-.16 
-.06 
+ .15 



B — A, 
9 -.26 ^,66 
21 -.15 -.34 



-29 
35 
40 
45 
50 
54 
60 
65 
70 
75 
79 



20 
28 
23 
29 
15 
18 
20 
17 
13 
8 
8 



-87 13 



-.24 
-.02 

-.07 
+ .09 
+ .06 
+ .04 
+ .20 
+ .33 
+ .40 
+ .40 
+ .47 
-.05 



100 J/u', 

- '65 
+ .09 

- .18 
+ .33 
+ .33 
+ .14 
+ .77 
+1.02 
+ .98 
+ .62 
+ .28 

- .25 
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Taking into account the smallness of the weights in- 
volved, the individual differences which make up the 
groups in the preceding table agree very well. 

Tables of Systematic Correction for N, and A. 

The results of the foregoing comparisons have been 
utilized to form tables of systematic corrections for Nj , A„ , 
A^ and A^. In right-ascension no distinction is necessary 
between the various catalogues published by Dr. Auwers, 
beginning with the Fundamental- Catalog ; but in decli- 
nation the distinction between the northern, intermediate,' 
and southern catalogues must be preserved, so far as JS^ is 



concerned. Through the use of these tables the positions 
and motions of many stars not included in the preseut 
catalogue can be brought into systematic harmony with it, 
and apparently without materially less accuracy for the in- 
dividual stars than could be reached by special compu- 
tations for these stars in conformity with the system of B. 
This is especially true of the star-places computed by 
Dr. AuwERs in the catalogues. A, and A,. As will be seen 
by reference to the catalogue the positions and motions of 
south polar stars taken from N, agree better with the 
results of this investigation than do those taken from A,, 
which, in turn, are quoted from the Cape Catalogue for 
1890. 



SYSTEMATIC CORRECTIONS: ORDER OF DECLINATIONS. 



RIGHT-ASCENSIONS ; COBRECTIONS, z/a, AND 100 /i/A,. 



B — Ns 



B — A 



+85 
80 
75 
70 
^6 

+60 
55 
50 
45 
40 

+ 35 
30 
25 
20 
15 

+ 10 

+ 5 


- 5 
10 

-15 
20 
25 
30 
35 

-40 
45 
50 
bb 
60 

70 

75 

80 

-85 



o!ooo 

-0.017 
-0.025 
-0.028 
-0.027 
-0.028 
-0.026 
-0.023 
-0.019 
-0.013 
-0.007 
-0.005 
-0.004 
-0.003 
-0.002 
-0.002 
-0.002 
-0.002 
-0.002 

0.000 
+ 0.005 
+0.013 
+ 0.020 
+ 0.025 
+ 0.032 
+ 0.040 
+ 0.045 
+0.045 
+ 0.037 
+0.019 
+0.009 
+0.016 
+0.035 
+0.032 

0.000 



100 J/i, 

+ o!o68 
+0.040 
+ 0.004 
-0.018 
-0.031 
-0.040 
-0.047 
-0.048 
-0.042 
-0.033 
-0.021 
-0.013 
-0.006 
-0.003 
0.000 
0.000 
0.000 
-0.001 
0.000 
+0.005 
+ 0.014 
+0.031 
+0.044 
+ 0.054 
+ 0.063 
+0.070 
+0.076 
+ 0.081 
+0.087 
+ 0.094 
+ 0.097 
+0.096 
+ 0.092 
+ 0.069 
0.000 



Ja4 

+0*029 
+0.026 
+0.017 
+ 0.007 
-0.005 
-0.021 
-0.028 
-0.029 
-0.026 
-0.023 
-0.020 
-0.017 
-0.014 
-0.010 
-0.005 
0.000 
+0.005 
+0.009 
+ 0.010 
+ 0.009 
+0.010 
+0.013 
+ 0.021 
+ 0.031 
+ 0.037 
+0.042 
+ 0.043 
+0.038 
+ 0.026 
+ 0.016 
+0.011 
+0.012 
+0.012 
+ 0.006 
-0.034 



100 J/u« 

+ o!l49 
+ 0.127 
+0.092 
+0.061 
+ 0.031 
-0.002 
-0.019 
-0.022 
-0.020 
-0.016 
-0.015 
-0.018 
-0.022 
-0.022 
-0.018 
-0.009 
+0.004 
+ 0.016 
+0.023 
+ 0.025 
+ 0.028 
+0.036 
+0.054 
+0.077 
+ 0.090 
+ 0.097 
+0.096 
+0.084 
+ 0.071 
+ 0.068 
+ 0.080 
+0.093 
+0.100 
+0.086 
-0.034 



Declinations; Coebections, J8, and 100 .i/A',. 

B — Nj B— An B — i 

8 J& 100J|u'4 J& 100 J/« 

+ 90° 0.00 0.00 o!oO 0.00 

85 0.00 0.00 0.00 0.00 

80 0.00 0.00 +0.07 +0.44 

75 0.00 +0.10 +0.14 +0.84 

70 0.00 +0.14 -i-0.17 +0.79 

^^6 -0.04 +0.10 +0.18 +0.61 

60 -0.09 +0.01 +0.17 +0.43 

55 -0.14 -0.05 +0.15 +0.23 

50 -0.19 -0.10 +0.12 -0.03 

45 -0.23 -0.16 +0.04 -0.38 

+40 -0.27 -0.20 -0.09 -0.83 

35 -0.27 -0.20 -0.19 -1.12 

30 -0.25 -0.17 -0.22 -1.20 

25 -0.23 -0.16 -0.24 -1.22 

20 -0.23 -0.18 -0.24 -1.24 

+ 15 -0.25 -0.20 -0.21 -1.23 

10 -0.28 -0.22 -0.17 -1.13 

+ 5 -0.31 -0.23 -0.13 -0.99 

-0.33 -0.24 -0.07 -0.89 

_ 5 -0.34 -0.23 +0.01 -0.92 

-10 -0.34 -0.20 +0.11 -0.99 

15 -0.33 -0.16 +0.26 -0.97 

20 -0.28 -0.09 +0.43 -0.88 

25 -0.19 +0.06 +0.61 -0.79 

30 -0.12 +0.10 +0.83 -0.71 

-35 -0.06 +0.16 

40 0.00 +0.36 

45 +0.03 +0.55 

50 +0.04 +0.63 

6b +0.03 +0.71 

-60 +0.10 +0.93 

65 +0.15 +0.97 

70 +0.13 +0.67 

75 +0.06 +0.18 

80 0.00 0.00 

-85 0.00 0.00 

-90 0.00 0.00 



s 


J& 


100 JS'« 


O 


f 


f 


+ 6 


-0.21 


-0.99 





-0.21 


-0.89 


- 6 


-0.21 


-0.92 


10 


-0.21 


-0.99 


15 


-0.16 


-0.97 


20 


-0.05 


-0.88 


-25 


+ 0.17 


-0.79 


• 


B — As 




O 


V 


» 


—20 


-0.22 


-0.73 


25 


-0.20 


-0.55 


30 


-0.15 


-0.35 


35 


-0.08 


-0.15 


40 


-0.03 


0.00 


45 


+0.03 


+ 0.17 


50 


+0.05 


+0.27 


55 


+0.10 


+0.43 


60 


+0.20 


+ 0.71 


66 


+0.33 


+0.91 


70 


+0.40 


+0.83 


75 


+0.40 


+0.53 


80 


+ 0.29 


+0.22 


85 


+0.10 


-0.08 


-90 


0.00 


-0.30 
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SYSTEMATIC CORRECTIONS 

Eight- Ascension 

B — N2 B — A 

Jaa 100 Jfu 



ORDER OF 
Declination 



R.A. 





1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 



-.002 
-.003 
-.004 
-.004 
-.004 
-.004 
-.004 
-.003 
-.002 
-.001 

.000 
+ .001 
+ .002 
+ .003 
+ .004 
+ .004 
+ .004 
+ .004 
+ .004 
+ .003 
+ .002 
+ .001 

.000 
-.001 
•-.002 



-!005 



B — Nj 

J8. lOOJfl'a 



B — A 

J8. lOOJfl'a 



Jcu 100 Jfi. 

+".027 +'.098 +'.02 +!04 +'08 +'lO 

-.007 +.026 +.095 +.03 +.05 +.06 +.09 

-.009 +.025 +.092 +.03 +.05 +.04 +.08 

-.011 +.024 +.088 +.03 +.06 +.02 +.06 

-.011 +.023 +.084 +.03 +.05 .00 +.04 

-.011 +.022 +.081 +.03 +.05 -.02 +.02 

-.010 +.022 +.078 +.02 +.04 -.04 -.01 

-.008 +.022 +.076 +.02 +.03 -.06 -.04 

-.006 +.022 +.074 +.01 +.01 -.07 -.06 

-.004 +.023 +.074 .00 .00 -.08 -.08 

-.001 +.024 +.074 -.01 -.01 -.09 -.09 

+ .002 +.026 +.076 -.02 -.03 -.08 -.10 

+ .005 +.027 +.078 -.02 -.04 -.08 -.10 

+ .007 +.028 +.081 -.03 -.05 -.06 -.09 

+ .009 +.029 +.084 -.03 -.05 -.04 -.08 

+ .011 +.030 +.088 -.03 -.06 -.02 -.06 

+ .011 +.031 +.092 -.03 -.05 .00 -.04 

+ .011 +.032 +.095 -.03 -.05 +.02 -.02 

+ .010 +.032 +.098 -.02 -.04 +.04 +.01 

+ .008 +.032 +.100 -.02 -.03 +.06 +.04 

+ .006 +.032 +.102 -.01 -.01 +.07 +.06 

+ .004 +.031 +.102 .00 .00 +.08 +.08 

+ .001 +.030 +.102 +.01 +.01 +.09 +.09 

-.002 +.028 +.100 +.02 +.03 +.08 +.10 

-.005 +.027 +.098 +.02 +.04 +.08 +.10 

Notes Relating to the Catalogue. 

The subjoined catalogue of 627 stars is divided into three 
sections, the limits of which are indicated in the respective 
captions. The selection of these stars was made with the 
idea that these would be best adapted to serve as a con- 
necting link between the various catalogues of observation. 
In general, they are the stars whose positions can be com- 
puted for the early part of the nineteenth century with the 
greatest certainty. Suitability for this purpose rather than 
distribution, 0( previous use as standard stars, governed 
the choice. At the lower limit of precision it is doubtless 
true that other stars might have been introduced that 
would have bean better adapted to the intended use than 
some stars which have been admitted. But it is believed 
that the number of these is not very great. Between the 
limits of -22** and —37°, however, some stars, otherwise 
suitable, have been omitted pending the definitive reduction 
of the Albany right-ascensions for 1898. 

When the epoch of the position in the catalogue is much 
earlier than the general mean, it is an indication that a 
great improvement in the star as a standard would be 
effected by repeated modern observations; so that, by 
means of such observations, some of the stars for which the 
mean date of observation is now in the sixties could easily 
be placed in a relatively higher class than they now occupy. 

One of the most essential qualifications of a standard 
star is the certainty with which its position can be predicted 
for future epochs. The observations needed for the present 
epoch are within the control of astronomers : but those of 



past epochs can only be improved through a new reduction 
of the older catalogues. It would therefore seem to be the 
part of wisdom to select, for the increase of our list of 
standards, those stars which have been well observed in 
the first sixty years of the nineteenth century, irrespective 
of the attention which they have received since that time. 

The force of this is all the greater on account of the 
prevalent idea in regard to the supposed advantages, more 
imaginary than real, in adherence for a long term of years 
to the use of some one standard catalogue. If our standard 
catalogues were to be revised as often as they should be, 
the necessity for high weight as to the adopted proper 
motions, though still important, would not be of such vital 
consequence. 

The names of several well known stars will be missed 
from the present collection. Nearly all of these are open 
to proof, or at least to well grounded suspicion, of periodic 
variation in proper motion. The duplicity of some of these 
stars also constitutes an objection to their use as standard 
stars. Among them are : rj Cassiopeae, a Can. Ma j oris y 
a Gemi7iorum, a Can. min,, y Virginis, { Bootis, { Bercvlis, 
61 Cygniy a Cnicisy and a Centauri. It is scarcely neces- 
sary to urge that these stars should still be included in 
observing lists where absolute determinations are intended, 
and also in those wherein differential determinations for 
the bright stars is the object in view. 

From —20° to —40° of declination there is a rapid fall- 
ing off in the precision with which the places of the princi- 
pal stars are known ; so that the mean weight of /a and /a' 
for far southern stars is scarcely one-fifth that for the 
northern. For this reason it appeared advisable to separate 
these southern from the northern stars in the catalogue. 

It might also be remarked that the computed mean 
weight of 100 /x in the catalogue is never less than 0.22 ; so 
that, where the weight 0.2 is assigned the mean weight of 
100 /A is about 0.23 for such stars. 



It remains to explain the numbers printed in the cata- 
logue, so far as this seems to be required. 

No. The stars in the three divisions of the catalogue 
are numbered together according to their order in right- 
ascension. 

Magnitude. The magnitudes are adopted from the 
Harvard Photometry. For the northern stars the magni- 
tudes are mostly copied from Newcomb's Fundamental 
Catalogue^ these having also been taken from the Harvard 
Photometry. 

Sec. Var. The secular variations are computed from 
Professor Newcomb's constants contained in his' recent 
work upon the Precessional Constant. They are practically 
identical with those computed from the constants of Struve 
and Peters. The secular variations in R.A. are given to 
the fourth decimal place, and in declination to the third. 
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fA and /i'. The values of fx and /x' correspond strictly to 
the epoch 1900, and are for R.A. in units of the fourth 
decimal ; for declination in units of the third. 

The catalogue was first constructed with the use of 
Stbuve's precessions throughout. Since these secular 
variations are virtually identical with those computed from 
Newcomb's constants, the result for annual variation has 
been the same as it would have been if Newcomb's pre- 
cessions had been used from the first. Accordingly, 
precessions computed from Newcomb's constants have 
been subtracted from the annual variations as printed in 
the catalogue, resulting in the values of ft and /x' there 
given. This course was decided on, in view of the intended 
investigations of which this catalogue forms a part ; and 
because the precessions of Newcomb offer a more consistent 



basis for correction than that which is afforded by the use 
of the so-called Steuve constants. Moreover, from the 
results of my " TentcUwe Researches upon Precessions^ etc. 
{A, J, 501), making all due allowances for the uncertainty 
due to the imperfection and fragmentary nature of the 
material of observation employed, it seems to the writer 
probable that, in the interests of further and more compre- 
hensive computations relating to the solar motion, pre- 
liminary values of the proper motions corresponding to 
Newcomb's precessions would offer a more convenient and 
consistent basis. 

100 z//ut and 100 ///i' express, respectively, the computed 
change of the proper motion in R.A. and declination for 
one century, under the assumption that stellar proper 
motion is uniform in the arc of a great circle. The unit is 



CATALOGUE OF 627 STANDARD STARS. 

First Section — (Declination, +82*" to —21° 50'). 



1 


1 






1 








B- 


- N 




B- 


- A 


No. 


Name and Magnitude 


R.A. 1900 


Ann. V. and Sec. V. | 


H and 100 J/< 


Ep. and Wt. 


Ja 


J/x 


Ja 


J/i 












.0001 


.0001 


.0001 


T p. p. 


.001 


.0001 


.001 


.0001 






M 


b m • 


• 


s 


8 


8 




8 




8 


• 


• 


1 


33 Piscium 


4.6 


13.010 


+3.0709 


- 14 


- 13 





70 32 1.3 


-29 


— 


7 






2 


a Andromedae 


2.1 


3 13.022 


3.0931 


+ 185 


+ 106 


+ 1 


66 160 7.1 


- 8 





2 


+ 8 


+ 7 


3 


p Cassiopeae 


2.4 


3 60.291 


3.1765 


+ 643 


+ 675 


-11 


69 78 3.8 


-51 


— 


4 


+ 9 


+ 9 


5 


y Pegasi 


2.9 


8 5.123 


3.0846 


+ 102 








68 170 6.9 


-12 


— 


3 


+ 20 


+ 8 


7 


iCeti 


3.8 


14 19.981 


3.0572 


- 22 


- 13 





75 82 2.2 


- 7 


— 


1 


+32 


fU 


12 


12 Ceti 


6.2 


24 56.127 


+3.0612 


+ 9 


+ 3 





76 96 1.9 


-13 


_ 


8 


+ 43 


+ 16 


14 K Cassiopeae 


4.2 


27 18.741 


3.3777 


+ 712 


+ 17 





67 61 2.4 


-26 


— 


1 


+ 27 


+ 14 


15 


13 Ceti 


6.2 


30 6.043 


3.0870 


+ 14 


+ 273 





73 34 1.4 


+ 7 


-f 


1 


_ 


— 


16 


{ Cassiopeae 


3.8 


31 23.796 


3.3200 


+ 497 


+ 24 





73 59 2.0 


-61 





13 


- 9 


+ 5 


17 


TT Andromedae 


4.4 


31 32.280 


3.1939 


+ 244 


+ 17 





76 41 1.3 


- 6 


— 


2 


+11 


+ 9 


18 


c Andromedae 


4.6 


33 16.166 


+ 3.1612 


+ 208 


- 173 


- 1 


73 55 1.6 


-15 


_ 


1 


+ 16 


+ 10 


19 


8 Andromedae 


3.6 


33 58.726 


3.1985 


+ 224 


+ 107 


+ 1 


75 41 1.4 


-11 





3 


+ 16 


+ 8, 


20 


a Cassiopeae 


2.4 


34 49.739 


3.3783 


+ 561 


+ 61 


+ 1 


66 122 6.5 


-18 





2 


-11 


+ 5 


21 


/?Ceti 


2.2 


38 34.215 


3.0133 


- 54 


+ 160 


- 1 


69 121 3.6 


-11 







+40 


+16 


22 


f Andromedae 


4.3 


42 2.191 


3.1722 


+ 179 


- 73 





75 45 1.4 


- 4 


+ 


1 


+ 16 


+ 9 


23 


h Piscium 


4.6 


43 29.603 


+3.1090 


+ 80 


+ 66 





74 69 1.9 


- 5 


+ 


1 


+36 


+ 15 


24 


20 Ceti 


4.9 


47 53.796 


3.0638 


+ 36 


- 4 





71 36 1.6 


+ 8 


+ 


1 


_ 


_ 


25 


y Cassiopeae 


2.3 


60 40.139 


3.5876 


+ 723 


+ 41 


+ 1 


73 83 2.7 


- 7 


+ 


5 


+ 9 


+ 10 


26 


fjL Andromedae 


3.9 


61 12.016 


3.3161 


+ 309 


+ 128 


+ 1 


76 82 1.7 


-19 


— 


4 


+ 16 


+ 14 


29 


c Piscium 


4.6 


57 45.145 


3.1099 


+ 88 


- 54 





74 144 3.1 


- 4 







+41 


+ 13 


30 


fi Cassiopeae 


6.2 


1 1 36.828 


+3.9608 


+ 661 


+3921 


+39 


63 34 2.0 


+36 


+ 


9 


_ 


_ 


32 


80 Piscium 


5.7 


1 3 13.049 


3.0868 


+ 78 


- 182 


- 1 


65 26 1.0 


+ 5 


— 


2 


— 


_ 


33 


17 Ceti 


3.6 


1 3 33.548 


3.0172 





+ 141 





73 35 1.1 


-17 


— 


3 


+ 53 


+ 16 


, 34 


p Andromedae 


2.4 


1 4 7.837 


3.3465 


+ 289 


+ 148 


+ 1 


75 118 3.9 


+ 6 


+ 


1 


- 3 


+ 6 


1 36 


^ Piscium 


5.4 


1 8 30.321 


3.1299 


+ 91 


+ 89 





71 35 1.4 


-44 


— 


6 


- 


- 


37 


6' Ceti 


3.8 


1 19 1.492 


+2.9978 


+ 18 


- 64 





70 136 4.0 


+ 8 


+ 


3 


+ 30 


+ 11 


38 


8 Cassiopeae 


2.8 


1 19 16.186 


3.8881 


+ 793 


+ 399 


+ 6 


67 63 3.7 


-34 





6 


+20 


+ 10 


41 


/A Piscium 


5.2 


1 24 56.668 


3.1394 


+ 91 


+ 194 





62 28 1.3 


-19 


— 


5 


_ 


_ 


42 


17 Piscium 


3.7 


1 26 7.861 


3.2040 


+ 142 


+ 18 


' 


74 128 2.7 


+ 9 


+ 


3 


+26 


+ 12 


44 


V Persei 


3.7 


1 31 51.041 


3.6600 


+ 486 


+ 61 





70 67 2.9 


-20 


— 


3 


+ 3 


+ 8 
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the fourth decimal forlOOzi/A, and the third decimal for 

100 zi/x'. 

Ep, and Wt. T is the mean epoch by weight of all the 
observations of the star, and jo. and p^ the weights, respec- 
tively, of the R.A. and declination at those epochs, p^ and 
pj are, respectively, the weights of the computed centen- 
nial motions, 100 /x and 100 fi'. The probable error of the 
unit of weight is intended to be, ±0".30 sec 5, and ±0".30, 
in R.A. and declination respectively. If the weight, jo', be 
desired for any epoch, T', we shall have : 



P^X 



pJ = 



/ 100 Y 

. ( 100 V 
pa-^ p.i^-^rzrTj 

and correspondingly for the declinations. 



B— N and B — A. These signify, respectively, the indi- 
vidual comparisons with the catalogues of Newcomb and 
AuwERs, from which the foregoing tables of comparisons 
have been constructed. The unit for Ja is the third deci- 
mal ; for JfjL, the fourth ; for J8, the second ; and for J/i', 
the third. In the first section of the catalogue the com- 
parisons are invariably with A^; and south of —22® always 
with Ag. 

Explanation of the manner in which the right-ascensions 
and declinations of the catalogue were formed, together 
with tables of adopted weights and systematic corrections 
for the catalogues of observation, are to appear in later 
sections of this paper. 



CATALOGUE OF 627 STANDARD STARS. 







First Section 


r-(I 


)ecliDa 


tion, +82° to - 


-21° 60'). 






















B — N 


B- 


-A 




No. 


Decl. 1900 


Ann. V. and Sec. V. 


1^' 


and 100 Jfi' 


Ep. and Wt. 


J& J/i' 


J8 


Jfi' 








.001 




.001 


.001 


T p, P^r 


.01 .001 


.01 


.001 






O / 


It § 




f 


f 




It 


M 


M 




1 


- 6 16 1.22 


+ 20.137 - 9 


+ 


90 





67 35 1.9 


- 13 








2 


+28 32 17.86 


19.884 - 16 





161 





64 169 7.6 


-15 + 2 


-14 


- 9 ' ; 


3 


+ 68 36 53.45 


19.863 - 17 





181 





69 80 4.8 


- 17 - 1 


+ 25 


+ 6 ! 


6 


+ 14 37 39.16 


20.021 - 24 





13 





66 165 7.1 


- 31 - 4 


-24 


-14 


7 


- 9 22 42.03 


19.976 - 36 


— 


32 





77 71 2.4 


- 28 - 2 


+ 6 


-11 


12 


- 4 30 35.61 


+ 19.921 - 67 




7 





76 85 2.0 


- 27 - 7 


- 3 


-10 i 


14 


+62 22 47.67 


19.905 - 67 










69 67 3.2 


+ 6 + 3 


+30 


+ 6 i 


15 


- 4 8 36.16 


19.856 - 68 





19 





71 34 1.5 


- 36 - 2 


— 


__ 1 


16 


+ 63 20 47.66 


19.852 - 76 





7 





72 54 2.3 


- 5 


+ 17 


+ 3 i 


17 


+33 10 7.61 


19.848 - 72 


- 


9 





76 43 1.6 


- 37 -10 


-18 


-19 




18 


+28 46 7.60 


+ 19.588 - 76 


_ 


248 





74 44 1.1 


-16 + 6 


- 3 


- 4 




19 


+30 18 49.64 


19.741 - 78 





86 





73 46 1.9 


+ 27 +11 


-11 


-11 




20 


+ 66 59 20.16 


19.786 - 83 


— 


31 





63 140 7.6 


-6 + 1 


+23 


+ 2 , 1 


21 


-18 32 7.79 


19.803 - 82 


+ 


39 





68 100 3.4 


- 37 - 2 


+ 37 


- 8 




22 


+23 43 23.35 


19.631 - 92 


— 


80 





73 56 2.1 


- 17 - 1 


-17 


-13 




23 


+ 72 27.00 


+ 19.643 - 94 


__ 


44 





75 76 2.2 


- 19 


- 4 


- 8 




24 


- 1 41 14.44 


19.695 -101 





16 





66 41 2.0 


- 79 -13 


_ 


— 




26 


+60 10 31.00 


19.567 -123 





2 





69 78 3.2 


+ 3 


+ 42 


+11 




2e 


+ 37 67 24.85 


19.576 -116 


+ 


27 





74 69 2.1 


- 28 - 3 


-44 


-19 


29 


+ 7 21 6.33 


19.443 -121 


+ 


29 





72 134 3.8 


-12 + 3 


-16 


-12 1 


30 


+ 64 25 47.33 


+ 17.771 -185 


■ 


1666 


-24 


63 27 1.6 


- 50 - 4 


_ 


_ 




32 


+ 67 14.19 


19.106 -1. 





183 


+ 1 


62 37 1.4 


- 93 -12 


_ 


- 1 e 


33 


-10 42 44.45 


19.148 -129 





133 


- 1 


77 37 1.8 


- 34 - 7 


+ 22 


-11 


34 


+ 35 5 25.40 


19.152 -144 





116 


- 1 


74 96 4.3 


-11 + 2 


-38 


-15 




36 


+ 72 47.50 


19.106 -143 


— 


52 





65 38 2.0 


- 27 


- 


- 




37 


- 8 41 57.79 


+ 18.654 -156 


__ 


213 





69 119 4.0 


-26 + 2 


- 1 


- 7 




38 


+59 42 56.03 


18.814 -202 





46 


- 2 


63 52 3.4 


- 54 - 9 


+ 17 


+ 5 1 


41 


+ 5 37 41.94 


18.641 -176 





44 





69 37 1.7 


-114 -18 


_ 






42 


+ 14 49 48.99 


18.638 -180 





10 





72 118 3.5 


- 37 - 7 


-16 


-13 




44 


+48 7 17.80 


18.346 -218 


— 


112 





72 77 3.5 


-2 + 7 


+ 20 


+ 1 
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First Section — (Declination, • 


f82'' 


to -21° 60'). 
















1 
















. B- 


-N 




B- 


-A 1 


No. 


Name and Magnitude 


R.A. 1900 


Ann. V. and Sec. V. 


fi and 100 J/x 


Ep. and \Vt. 


Ja 


J^ 


Jo 


J^ 1 












.0001 




0001 


.0001 


T p. p. 


.001 


.0001 


.001 


.0001 


46 


V Pisciuin 


M 

4.7 


b m B 

1 36 13.587 


+ 3!ll84 


+ '91 


s 


14 


• 



75 100 2.2 


• 
- 6 


t 





+ 30 


+'io 


47 


<f> Persei 


4.2 


1 37 23.346 


3.7361 


+ 532 


+ 


28 





72 50 1.8 


— 22 


— 


3 


_ 2 


+ 8 


48 


rCeti 


3.7 


1 39 25.348 


2.7868 


+ 9 


-1195 


+ 6 


73 33 1.4 


+ 24 


+ 


4 


+37 


+ 15 


49 


o Pisciuin 


4.5 


1 40 6.713 


3.1630 


+ 112 


+ 


46 





76 115 2.6 


-11 


— 


3 


+ 25 


+ 7 


52 


{Ceti 


3.9 


1 46 31.450 


2.9601 


+ 24 


+ 


24 





73 46 1.6 


-15 


+ 


4 


+35 


+ 10 


53 


c Cassiopeae 


3.5 


1 47 11.754 


+4.2699 


+ 1004 


+ 


58 


+ 1 


68 69 3.6 


- 9 


+ 


6 


+ 22 


+ 14 


54 


a Trianguli 


3.6 


1 47 22.733 


3.4093 


+ 249 


+ 


12 


- 1 


75 44 1.7 


-13 


— 


3 


+ 10 


+ 8 


55 


P Arietis 


2.7 


1 49 6.845 


3.3059 


+ 183 


+ 


67 





73 134 3.6 


+ 9 


+ 


3 


+ 19 


+ 9 


57 


50 Cassiopeae 


4.1 


1 54 53.214 


5.0333 


+ 1894 


— 


83 


- 2 


71 81 3.0 


+ 14 


+ 


8 


+39 


+ 17 


59 


« Piscium 


3.9 


1 0(5 52.339 


3.1011 


+ 84 


+ 


28 





67 33 1.5 


+ 26 


+ 


4 


- 


- 


60 


y Andromedae 2.2 


1 57 45.484 


+ 3.6649 


+ 394 


+ 


42 





70 92 3.9 


-12 





4 


+ 4 


+ 10 


61 


a Arietis 


2.2 


2 1 32.048 


3.3728 


+ 204 


+ 


137 





67 173 7.2 


-10 


— 


2 


+ 14 


+ 8 


62 


P Trianguli 


3.1 


2 3 35.438 


3.5rm 


+ 305 


+ 


123 





73 56 2.3 


-16 


— 


3 


+ 7 


+ 10 


63 


65 Ceti 


4.5 


2 7 41.905 


3.1747 


+ 116 


— 


17 





74 53 1.5 


-10 


— 


5 


_ 


_ ' 


65 


oCeti 


Var. 


2 14 17.649 


3.0280 


+ 63 







- 1 


74 67 1.8 


-13 


— 


2 


+41 


+12 ; 


68 


I Cassiopeae 


4.6 


2 20 49.279 


+4.8828 


+ 1322 





5 





70 76 1.7 


-27 


— 


2 


+36 


+ 17 


69 


f Ceti 


4.3 


2 22 50.461 


3.1847 


+ 116 


+ 


26 





75 122 2.9 










+ 25 


+ 9 1 


70 


8 Ceti 


4.0 


2 34 21.356 


3.0715 


+ 82 


-h 


7 





76 72 2.0 


-17 


— 


4 


+33 


+ 12 


71 


Persei 


4.3 


2 37 21.963 


4.0744 


+ 513 


+ 


341 


+ 2 


72 61 2.4 


-38 


— 


12 


-10 


+ 3 


73 


yCeti 


3.6 


2 38 7.087 


3.1044 


+ 93 


— 


98 


- 1 


68 111 3.0 


+ 1 


— 


1 


+32 


+ 11 


74 


fi Ceti 


4.4 


2 39 32.096 


+3.2375 


+ 125 


+ 


188 





74 57 1.9 


- 2 







+ 26 


+ 11 


75 


rj Persei 


3.9 


2 43 23.880 


4.3460 


+ 678 


+ 


27 





75 52 1.1 


-61 


— 


14 


- 7 


+ 3 


76 


41 Arietis 


3.7 


2 44 5.730 


3.5213 


+ 227 


+ 


49 





74 63 1.9 


- 6 


— 


1 


+ 5 


+ 6 


78 


ri Eridani 


4.1 


2 51 32.511 


2.9289 


+ 50 


+ 


64 


- 1 


75 59 2.3 


-10 


— 


6 


+ 48 


+ 14 


79 


c"* Arietis 


4.6 


2 53 29.529 


3.4225 


+ 184 


— 


11 





72 46 1.8 


+ 5 


— 


1 


- 


- 


81 


a Ceti 


2.8 


2 57 3.057 


+3.1317 


+ 97 


__ 


9 





68 163 6.6 


-12 







+34 


+ 11 


82 


y Persei 


3.1 


2 57 32.992 


4.3183 


+ 593 


+ 


2 





75 52 1.4 


-33 


— 


8 


- 1 


+ 5 


84 


p Persei 


Var. 


2 58 45.943 


3.8301 


+ 331 


+ 


114 





73 50 1.4 


-11 


— 


2 


+ 14 


+ 12 


85 


P Persei 


Var. 


3 1 39.571 


3.8878 


+ 355 


+ 


5 





71 73 2.9 


- 4 


— 


3 


+ 4 


+ 9 ' 


86 


I Persei 


4.2 


3 1 50.797 


4.3062 


+ 516 


+ 1290 


+ 10 


72 43 1.4 


-34 


— 


11 


- 1 


+ 8 ] 


88 


8 Arietis 


4.6 


3 5 54.552 


+ 3.4232 


+ 171 


+ 


106 





72 84 2.6 


-11 





4 


+19 


+ 8 


90 


{ Arietis 


5.0 


3 9 9.113 


3.4412 


+ 176 


— 


17 





72 38 1.4 


+ 5 


+ 


2 


— 


_ 


92 


a Persei 


1.9 


3 17 10.800 


4.2615 


+ 482 


+ 


27 





67 123 6.4 


-15 


— 


3 


+ 8 


+ 9 


93 


o Tauri 


3.8 


3 19 25.846 


3.2239 


+ 114 


— 


44 





75 75 1.9 


+ 2 


+ 


2 


+ 27 


+ 8 


94 


( Tauri 


3.8 


3 21 44.904 


3.2466 


+ 116 


+ 


40 





71 50 1.5 


-14 







+31 


+ 11 


95 


5 Tauri 


4.3 


3 25 21.047 


+3.3066 


+ 129 


+ 


11 





76 71 1.8 


-18 





5 


+26 


+ 10 


96 


c Eridani 


3.8 


3 28 13.128 


2.8247 


+ r)6 


— 


657 


+ 1 


76 95 2.7 


+ 9 


+ 


3 


+ 43 


+ 15 


99 


8 Persei 


3.2 


3 35 48.117 


4.2533 


+ 414 


+ 


31 





70 84 3.6 


-14 


— 


4 


— 5 


+ 6 1 


100 


8 Eridani 


3.7 


3 38 27.439 


2.8719 


+ 62 





63 


+ 4 


73 56 1.9 


-21 


— 


2 


+ 50 


+ 15 1 


101 


17 Tauri 


3.8 


3 38 56.131 


3.5550 


+ 177 


+ 


14 





69 46 1.3 


- 6 


— 


2 


+ 9 


+ 6 1 


103 


7) Tauri 


3.0 


3 41 32.303 


+3.5588 


+ 175 


+ 


14 





70 134 4.2 


-12 





2 


+ 13 


+ 7 


105 


27 Tauri 


3.8 


3 43 12.866 


3.5601 


+ 174 


+ 


14 





69 49 1.7 


- 4 


+ 


2 


+ 13 


+ 8 


107 


{ Persei 


3.0 


3 47 50.650 


3.7621 


+ 220 


+ 


9 


• 


75 66 1.8 


+ 4 


— 


2 


+ 2 


+ 5 


110 


€ Persei 


3.0 


3 51 8.459 


4.0140 


+ 286 


+ 


22 





71 51 2.4 


-.32 


— 


9 





+ 8 


111 


y^ Eridani 


3.3 


3 53 21.806 


2.7976 


+ 45 


+ 


45 


- 1 


71 109 3.0 


-15 


— 


2 


+40 


+ 11 i 


112 


X Tauri 


3.5 


3 5:y 8.332 


+ 3.3193 


+ 114 





3 





76 59 1.6 


-17 





5 


+26 


+ 8 


114 


V Tauri 


4.0 


3 57 50.148 


3.1877 


+ 91 


+ 


2 





80 50 1.2 


-19 


— 


6 


+24 


+ 6 


115 


37 Tauri 


4.5 


3 58 46.908 


3.5407 


+ 151 


+ 


67 





73 44 1.5 


-12 


— 


3 


— 


_ 


116 


48 Persei 


4.0 


4 1 23.959 


4.3406 


+ 362 


+ 


32 





75 49 1.4 


-26 


— 


11 





+ 4 


118 


o Eridani 


4.1 


4 6 59.019 


2.9264 


+ 59 


+ 


6 





74 78 1.9 


-12 







+ 28 


+ 8 


119 


40 Eridani 


4.5 


4 10 40.167 


+ 2.7611 


+ 16 


-1484 


-20 


70 36 1.6 


+ 7 





1 


_ 


_ 


123 


y Tauri 


3.9 


4 14 6.084 


3.4097 


+ 114 


+ 


82 





74 96 2.6 


- 9 


— 


2 


+ 18 


+ 7 ' 


124 


8* Tauri 


3.9 


4 17 9.998 


3.4553 


+ 118 


+ 


77 





75 59 2.0 


- 3 


+ 


2 


+ 19 


+ 8 


127 


c Tauri 


3.7 


4 22 46.581 


3.4988 


+ 119 


+ 


81 





72 115 3.5 


- 6 


- 


/r 


•■+16 


JVt^ 


128 


a Tauri 


1.1 


4 30 10.893 


3.4385 


+ 102 


+ 


48 


- 1 


66 178 7.fj| 


gffrz^ ^ 


K 


lOC 


)Sle 
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First Section — (Declination, +82° to - 


-21° 


60'). 






















B — N 


B- 


-A 




No. 


Decl. 1900 


Ann. V. and Sec. V. 


III and 100 J/i' 


Ep. and Wt. 


JS J/i' 


J8 


J/i' 










.001 


.001 .001 


T p. p^. 




.01 .001 


.01 
f 


.001 






o / # 


M 





« g 






» > 


r 




46 


H- 4 58 53.64 


+ 18.307 


-193 


+ 1 


73 91 2.9 


— 


34-2 




-10 




47 


+50 11 5.96 


18.248 


-233 


- 16 


74 63 2.3 





25-1 


+ 19 







48 


-16 27 50.72 


19.046 


-171 


+856+8 


74 36 1.4 





33-2 


+ 48 


- 6 




49 


+ 8 39 16.09 


18.215 


-203 


+ 50 


74 105 3.2 


— 


10 + 6 


-11 


- 9 




o2 


-10 49 44.63 


17.889 


-201 


- 31 


77 36 1.1 


— 


31-4 


+ 14 


-11 




53 


+63 10 39.51 


+ 17.877 


-289 


- 17 


66 61 3.5 


_ 


17-2 


+ 9 


+ 5 




54 


4-29 5 30.08 


17.654 


-232 


- 232 


74 48 1.8 


— 


23-2 


- 9 


-11 




56 


+ 20 19 9.16 


17.706 


-229 


- Ill 


73 126 3.8 


— 


20 - 1 


-30 


-13 




57 


+ 71 56 14.85 


17.603 


-359 


+ 23 + 1 


75 78 2.8 


+ 


3 + 3 


+ 20 


+ 6 




59 


+ 2 16 50.66 


17.490 


-228 


- 6 


67 33 2.0 


- 


18 


- 


- 


. 


60 


+41 50 59.62 


+ 17.406 


-270 


- 52 


68 89 4.8 


_ 


30-2 


- 9 


- 9 




61 


+ 22 59 22.60 


17.148 


-257 


- 146 - 1 


66 177 7.7 





22-2 


-13 


-10 




62 


+ 34 30 51.47 


17.156 


-275 


- 46 - 1 


73 66 2.0 





23-2 


-18 


-13 




1 63 


+ 8 22 39.64 


17.008 


-252 


- 7 


70 57 2.3 


+ 


16 +10 


_ 


^ 


i' 


' 65 


- 3 25 54.03 


16.466 


-251 


- 237 


76 48 1.5 


— 


61-8 


+ 3 


-12 




' 68 


-^-66 57 10.57 


+ 16.394 


-417 


+ 14 


69 66 2.0 


+ 


10 + 4 


+ 27 


+ 10 




69 


+ 80 42.79 


16.274 


-278 


- 4 


75 112 3.3 





20 + 3 


- 1 


-11 


e 


70 


- 6 10.13 


15.670 


-286 


+ 10 


79 67 2.1 





34-4 


+ 6 


- 8 




71 


+ 48 48 19.94 


16.415 


-387 


- 89 - 3 


70 68 4.2 


— 


29-2 


+ 2 


- 3 




' 73 


+ 2 48 51.79 


15.312 


-294 


-150+1 


64 103 3.7 


- 


30 + 1 


-20 


-11 




74 


+ 9 41 31.10 


+ 15.356 


-311 


— 27—2 


72 60 2.5 


_ 


35-2 


-21 


-12 




75 


+ 55 28 49.84 


15.151 


-421 


- 13 


75 50 2.3 





28 - 1 


+ 10 


+ 3 




76 


+ 26 50 54.12 


15.011 


-344 


- 113 


74 64 2.0 





32-2 


-40 


-12 




78 


- 9 17 45.92 


14.474 


-298 


- 216 - 1 


75 61 2.5 





17-2 


+ 26 


- 5 




1 79 


+ 20 56 25.46 


14.564 


-349 


- 8 


70 48 2.1 


— 


16 + 2 


- 


- 




; 81 


+ 3 41 50.84 


+ 14.279 


-325 


- 78 


67 169 6.7 


_ 


20 + 1 


- 6 


-10 




: 82 


+ 53 6 53.50 


14.320 


-447 


- 6 


76 68 2.8 





42-2 


- 9 


- 4 




84 


+38 27 10.22 


14.143 


-400 


- 108 - 1 


79 46 1.1 


+ 


2 + 6 


-28 


-20 




1 85 


+ 40 34 13.50 


14.067 


-410 


- 5 


68 75 3.6 





32-3 


+ 12 


- 3 




86 


+ 49 13 52.69 


13.980 


-468 


- 80 -13 


75 53 2.1 


+ 


62 +18 


+ 13 


+ 1 




88 


+ 19 20 54.73 


+ 13.799 


-.•^69 


- 6-1 


71 89 2.8 


_ 


29-7 


-36 


-19 




90 


+ 20 40 26.05 


13.523 


-.-.74 


- 75 


68 51 2.2 


+ 


2 + 7 


_ 


_ 




' 92 


+49 30 19.18 


13.046 


-477 


- 28 


65 150 7.9 





18 


+ 9 


2 




[ 93 


+ 8 40 37.08 


12.846 


-364 


- 78 


74 62 2.2 





32-4 


-10 


-12 




94 


+ 9 23 2.57 


12.727 


-371 


- 41 


71 53 1.8 


+ 


1 + 5 


- 5 


- 7 




96 


* +12 35 38.43 


+ 12.520 


-382 


- 4 


74 64 2.2 


_ 


29-6 


+ 2 


- 7 


f 


96 


- 9 47 48.19 


12.340 


-323 


+ 13 + 8 


77 81 2.4 





46 -12 


+ 16 


-12 




99 


+ 47 28 4.36 


11.764 


-.^07 


- 33 


70 96 4.9 





11+3 


+32 


+ 4 




100 


-10 6 6.67 


12.352 


-:U6 


+743+1 


70 43 1.9 


+ 


16 +13 


-10 


-22 




101 


+ 23 47 56.22 


11.525 


-428 


- 49 


70 45 1.9 


- 


16 + 1 


-25 


-14 




1 103 


+ 23 47 45.44 


+ 11.340 


-4.32 


- 48 


67 134 5.0 


_ 


16 + 2 


- 3 


- 6 




105 


+ 23 44 51.52 


11.217 


-434 


- 50 


70 46 1.4 





28-2 


-19 


-13 




1 107 


+ 31 35 12.02 


10.913 


-465 


- 17 


74 63 2.0 





32-2 


-26 


-15 




' 110 


+ 39 43 15.43 


10.656 


-.".OO 


- 31 


74 47 2.0 





30-4 


-11 


-11 




111 


-13 47 34.66 


10.410 


-.•552 


- 112 - 1 


70 114 4.5 


— 


25-2 


+ 15 


-14 




112 


+ 12 12 28.12 


+ 10.375 


-418 


- 14 


76 54 1.5 


_ 


24-3 


- 4 


-10 




114 


+ 5 42 42.80 


10.180 


-405 


- 7 


81 44 1.1 





21-2 


- 1 


- 6 




115 


+ 21 48 31.23 


10.052 


-451 


- 63 - 1 


69 43 2.1 





40-6 


_ 


_ 




116 


+ 47 26 44.06 


9.886 


— .">55 


- 31 


75 42 1.8 





8 + 1 


+ 18 


+ 2 


c 


118 


- 7 5 53.89 


9.571 


-380 


+ 81 


76 63 1.6 


— 


40-5 


- 2 


-10 


o^ 


119 


- 7 48 30.67 


+ 5.768 


-342 


-3137 +19 


71 43 1.7 


_ 


32-2. 


_ 


_ 


o^ 


123 


+ 15 23 10.26 


8.910 


-450 


- 27 - 1 


72 93 3.4 





22-1 


- 4 


- 9 




124 


+ 17 18 28.76 


8.662 


-458 


- 34 - 1 


73 64 2.3 





29-4 


-21 


- 9 




127 


+ 18 57 31.22 


8.213 


-470 


- 38 - 1 


71 106 3.0 





19-4 


-11 


- 9 


/^^ 


128 


+ 16 18 29.77 


7.466 


-467 


- 191 - 1 


64 181 7.7 


— 


26-2 


-l^rgifc?ed 


abyVriQ 
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N«»- 531-o;^L> 



FiEST Section — (Declination, +82'* to —21** SO'). 



No. 

130 
133 
134 
135 
136 

137 
138 
139 
140 
142 

143 
144 
145 
146 
147 

148 
149 
150 
152 
154 

155 
156 
158 
160 
161 

162 
165 
168 
169 
171 

173 
175 
176 
182 
183 

186 
188 
190 
192 
193 

195 
196 
199 
202 
206 

209 
210 
212 
213 
214 

216 
217 
219 
220 
221 



Name and Magnitude 



T Tauri 
fjL Eridani 
a Camelop. 
t Aurigae 
P Camelop. 

c Aurigae 
^ Aurigae 
I Tauri 
•q Aurigae 
^ Eridani 

X Eridani 
19 H Caraelop. 
a Aurigae 
j3 Orionis 
y Orionis 

j3 Tauri 
Gr. 966 

8 Orionis 
a Leporis 
c Orionis 

{ Tauri 
I Orionis 
K Orionis 
a Orionis 
j3 Aurigae 

B Aurigae 
■q Geminorum 
;a Geminorum 
p Can. Maj. 
V Geminorum 

y Geminorum 
c Geminorum 
f Geminorum 
\ Geminorum 
y Can. Maj. 

X Geminorum 
8 Geminorum 
I Geminorum 

Gr. 1308 
j3 Can. min. 

K Geminorum 
P Geminorum 
<^ Geminorum 
X Geminorum 
j3 Cancri 

UrsaeMaj. 
17 Cancri 

y Cancri 
8 Cancri 
c Hydrae 

1 Ursae Maj. 
a* Cancri 

K Ursae Maj. 
0-* Ursae Maj. 
K Cancri 



4.3 
4.1 
4.4 
2.9 
4.2 

3.2 
3.9 
4.7 
3.3 
2.9 

4.3 
5.1 
0.2 
0.3 

1.7 

1.8 
6.3 
2.5 
2.7 
1.7 

3.0 
1.9 
2.2 
0.9 
2.1 

2.7 
3.5 
3.2 
2.0 
4.1 

1.9 
3.2 
3.4 
4.0 
4.1 

3.6 
3.6 
3.9 
5.8 
3.1 

3.7 
1.2 
5.0 
6.1 
3.7 

3.5 
5.5 
4.8 
4.2 
3.5 

3.1 
4.3 
3.7 
4.8 
5.2 



R.A.1900 



4 36 14.523 

4 40 30.111 

4 44 6.327 

4 50 28.808 

4 54 31.222 

4 54 47.487 
4 55 29.189 
4 57 7.075 

4 59 30.044 

5 2 55.999 



4 
6 
9 
9 
19 



21.630 
4.177 
18.012 
43.897 
46.028 



5 19 58.189 

5 26 20.993 

5 26 53.844 

5 28 19.173 

5 31 8.335 

5 31 40.074 

5 35 42.767 

5 43 0.811 

5 49 45.463 

5 62 11.607 

5 52 54.122 

6 8 50.489 
6 16 64.659 
6 18 17.747 

1.540 



6 23 



6 31 56.119 

6 37 46.812 

6 39 40.630 

6 58 10.711 

6 59 14.060 

7 12 20.797 
7 14 9.097 
7 19 31.006 
7 20 28.648 
7 21 43.693 



38 24.696 

39 11.869 
47 22.708 
57 22.664 



8 11 oM^ 

8 21 57.602 

8 26 6b,^^^ 

8 37 30.025 

8 39 0.194 

8 41 28.871 

8 52 21.821 

8 53 1.148 

8 m 48.042 

9 1 35.984 
9 2 19.913 



Ann. V. and Sec. V. 
.0001 



+3.5965 
2.9981 
5.9352 
3.9016 
5.3204 

+4.2975 
4.1866 
3.5829 
4.2004 
2.9482 

+ 2.8698 
9.8036 
4.4259 
2.8817 
3.2163 

+3.7900 
7.9978 
3.0638 
2.6451 
3.0430 



120 

bb 

677 

141 

407 

192 
172 

92 
163 

43 



+ 40 
+ 2022 

+ 157 

+ 39 

+ 46 

+ 77 

+ 704 

+ 37 

+ 29 

+ 34 



+3.5839 + 51 

3.0265 + 31 

2.8445 + 26 

3.2474 + 26 

4.4007 + 36 



+4.0909 
3.6221 
3.6306 
2.6415 
3.5630 

+3.4671 
3.6935 
3.3686 
3.5613 
2.7144 

+ 3.4507 
3.5873 
3.7319 
6.2855 
3.2559 

+ 3.6278 
3.6776 
3.6785 
3.6921 
3.2568 

+5.0230 
3.4762 
3.4788 
3.4154 

3.1808 

+4.1292 
3.2861 
4.1169 
5.3420 
3.2539 



+ 
+ 



28 
6 

i 

- 16 

- 11 

- 17 

- 38 

- 21 

- 52 

- 4 

- 57 

- 75 

- 104 

- 855 

- 43 

- Ill 

- 128 

- 132 

- 150 

- 72 

- 768 

- 132 

- 143 

- 128 

- 71 

- 445 

- 98 

- 434 
-1334 

- 94 



II and 100 J/i 
.0001 .0001 



+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 



+ 



+ 

+ 
+ 



4 
13 
10 

7 
3 

4 

10 
52 
26 
59 

2 
274 

82 
1 
4 

24 

10 

1 

2 





+ 



+ 3 

+ 5 

+ 1 

+ 19 

- 44 

+ 44 

- 44 
+ 44 

- 4 

- 6 

+ 31 


- 77 

- 3 


~ 33 

- 13 

- 86 

- 5 

- 34 

- 18 

- 471 

- 21 

- 16 

- 35 

- 167 

- 26 

- 73 

- 12 

- 127 

- 437 
+ 25 

- 30 

- 4 

- 14 













1 
1 


9 
5 



1 
1 











1 



1 







1 







2 




1 






2 



1 





+ 1 





- 2 





£p. and Wt. 
T p. p. 



B- 

Ja 
.001 



74 
75 
72 
74 
75 

73 
68 
69 
77 

73 
78 
64 
67 
74 



53 
76 
77 
102 
64 

51 
44 
37 
57 
bQ 

37 
40 



2.0 
2.0 
1.9 
2.2 
1.4 

2.8 
1.7 
1.7 
2.3 
2.0 

1.1 
1.1 



I 



129 6.3 

169 7.4 

58 2.8 



66 164 7.4 
I 74 76 1.6 

69 145 4.9 
I m 80 2.4 

69 129 4.4 



72 58 2.0 

66 57 3.3 

74 72 2.6 

m 176 7.6 

69 74 2.8 



75 
71 
69 
73 

77 

74 
72 

77 
73 
71 

77 
69 
73 
72 
76 



55 

86 

128 

58 

40 

136 
71 
63 
91 
73 

79 
133 
61 
61 
98 



1.6 
2.3 
4.1 
1.9 
1.4 

3.3 
3.1 
2.1 

2.7 
1.6 

2.6 
3.6 
2.6 
1.2 
2.6 



74 54 1.5 
66 167 
(S^ 30 

75 76 1.6 

76 112 2.7 



1.4 



70 

74 
72 
72 
72 

67 
73 
73 
71 
75 



78 3.6 
^b 1.5 
51 1.9 
75 2.6 

138 3.9 

96 3.4 
82 2.4 
60 1.8 
41 1.6 

79 2.0 , 
#t 



- 6 

- 7 
-66 
+ 2 
+39 

-34 
-10 

- 2 
-29 
-17 

- 7 

- 55 
-23 




- 3 
+ 3 

- 5 
-10 

- 4 

- 8 

- 5 
-15 

- 9 
-30 

- 8 
-24 

- 4 

- 3 
+ 6 

- 3 
+ 5 

- 1 


- 9 

-14 
-10 

- 4 
-94 

- 9 

-16 
+ 2 
-10 
-23 
+ 4 

-36 
+ 6 

- 7 
-13 

- 6 

- 2 
+ 3 
-26 



N 


B- 


-A 


Jfi 


Ja 


J^ 


.0001 


.001 


.0001 


• 


• 


1 


- 3 


+ 15 


+ 7 


+ 1 


+32 


+ 9 


-28 


+36 


+ 16 


- 1 


- 9 


+ 2 


+ 8 


+ 13 


+ 5 


- 8 


+ 


+ 7 


- 4 


+ 7 


+ 10 


- 4 


+31 


+ 8 



-13 

- 3 

- 4 

- 1 

- 5 


+ 1 

- 1 

- 7 

+ 1 
_ <> 



- 3 



- 1 

- 6 

- 3 

- 6 

- 2 
+ 2 

- 1 

- 2 
+ 1 

- 1 

- 1 

- 3 

- 4 

- 3 

- 1 
-24 
2 

- 4 

- 1 

- 1 

- 5 


- 7 

- 1 

- 2 

- 3 


- 2 
+ 1 

- 3 



-35 j^ +23 +17 

veci^y^ Google 



+ 4+3 
+ 39 +12 

+33 +12 
+98 +61 
-8+6 
+ 30 + 8 
+30 + 9 



+ 3 
+54 
+ 41 
+25 
+39 



+29 
+ 31 
- 3 



+20 
+ 12 
+ 16 
+ 11 
+ 11 

+ 16 
+ 15 
+ 5 
+ 7 
+ 19 

+ 18 
+ 16 


+ 18 

+ 18 
+ 6 

+ 10 
+33 



+ 6 
+ 15 
+ 11 

+ 7 
+ 9 



+ 16 + 3 



+ 
+ 
+ 



-4+4 
+ 6 + 3 I 
+ 8+21 
+ 24 + 9 



+ 6 

+ 6 

+ 6 

+ 3 


+ 4 

+ 4 

+ 4 

+ 6 

+ 5 

+ 7 

+ 5 



+ 
+ 



+10 
+ 2 

+ 5 
+ 8 



+ 2+5 
+28 + 8 
-1+8 
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First Section — (Declination, +82°to- 


-21° 50'). 














1 




B — N 


B- 


-A 




No. 


Decl. 1900 


Ann. V. and Sec. V. 


ti> and 100 J/*' | 


Ep. and Wt. 


JS J/i' 


J8 


J^> 








.001 


.001 


.001 


T p. p^. 


.01 .001 


.01 


.001 


.. 


~ 


O 1 t 


K 


K 




/r f 


f 


# 


, 130 


+ 22 45 54.31 


+ 7.141 -493 


- 23 





72 54 2.1 


- 28 - 4 


-13 


-10 




1 133 


- 3 26 16.50 


6.805 -414 


- 10 





78 60 1.6 


- 29 - 1 


+ 17 


- 4 




' 134 


+66 10 22.51 


6.523 -821 


+ 5 





72 96 3.4 


- 6 


+ 9 


+ 3 


F19 


135 


+33 27.84 


5.961 -546 


- 27 





72 92 2.6 


- 41 - 6 


-23 


-13 




; 136 


+ 60 17 46.19 


5.637 -746 


- 13 





72 58 2.3 


- 12 - 2 


+ 17 


+ 4 


FIO 


137 


+ 43 40 31.33 


+. 5.612 -604 


- 15 





64 58 3.1 


- 21 - 2 


+ 4 


- 3 




138 


+40 55. 47.52 


5.539 -589 


- 30 





71 38 1.7 


- 47 - 8 


-25 


-13 




, 139 


+ 21 26 49.70 


5.383 -506 


- 49 


- 1 


67 36 1.7 


+ 4 


- 3 


-13 




140 


+41 5 57.36 


5.156 -594 


- 75 





68 61 2.6 


- 11 - 3 


-11 


-10 




' 142 


- 5 12 56.44 


4.861 -418 


- 79 


+ 1 


80 58 2.2 


- 30 - 6 


+ 13 


- 6 




143 


- 8 52 56.39 


+ 4.811 -408 


- 8 





74 30 1.1 


- 23 


— 7 


-11 




144 


+ 79 6 59.13 


4.828-1388 


+ 154 


+ 4 


78 46 1.2 


- 2 


+ 7 


+ 8 




145 


+ 45 53 46.95 


3.970 -633 


- 429 


- 1 


63 161 7.7 


- 14 


+ 24 


- 1 




146 


- 8 19 1.67 


4.361 -412 


- 1 





67 160 6.7 


-27 + 1 


+ 8 


- 9 




147 


+ 6 15 32.76 


3.482 -463 


- 19 





75 65 ^.2 


- 26 - 2 


+ 9 


- 6 




148 


+ 28 31 22.91 


+ 3.307 -646 


- 177 





64 163 7.0 


- 18 


-14 


- 9 




149 


+74 58 40.00 


2.955-1155 


+ 22 





76 61 1.4 


+ 5-1-5 


+31 


+ 12 


74 B Cam. 


150 


- 22 23.36 


2.882 -443 


- 3 





67 128 4.8 


- 30 - 1 


-10 


-11 




152 


-17 53 37.76 


2.765 -383 


+ 3 





66 64 2.6 


-11 + 3 


+ 41 


- 8 




154 


- 1 15 56.76 


2.516 -441 


- 2 





69 106 3.9 


- 37 - 3 


+ 6 


- 4 




155 


+21 4 53.63 


+ 2.444 -520 


- 28 





71 69 2.3 


-4 + 4 


-10 


- 7 




156 


- 1 59 43.72 


2.113 -440 


- 7 





68 51 2.9 


-7+7 


- 


- 




158 


- 9 42 18.48 


1.479 -414 


- 6 





78 64 2.1 


- 24 - 2 


+ 5 


-10 




160 


+ 7 23 18.41 


0.904 -474 


+ 8 





64 169 7.2 


- 21 - 1 


-18 


-12 




161 


+ 44 56 14.48 


0.678 -641 


- 6 





67 92 4.9 


-16+1 


+ 14 


+ 1 




162 


+37 12 20.19 


+ 0.631 -597 


- 90 





73 66 2.3 


-22 + 1 


-19 


-10 




165 


+22 32 9.01 


- 0.790 -627 


- 17 





70 79 2.8 


- 9 


-38 


-14 




168 


+ 22 33 53.90 


1.591 -528 


- 113 





67 128 4.6 


-23 + 1 


-17 


- 9 




169 


-17 54 22.48 


1.599 -383 








71 41 1.6 


- 47 - 4 


+ 18 


-10 




171 


+20 16 31.57 


2.032 -516 


- 21 





73 38 2.1 


- 38 - 6 


- 


~ 




173 


+ 16 29 4.78 


- 2.831 -600 


- 47 





72 127 4.2 


-16 + 1 


-22 


-10 




175 


+ 25 13 48.48 


3.310 -530 


- 20 





69 78 3.7 


- 47 - 2 


-36 


-13 




176 


+ 13 12.40 


3.653 -481 


- 200 


+ 1 


77 59 1.6 


- 31 - 7 


- 9 


- 8 




182 


+20 43 1.27 


5.042 -600 


- 8 





69 87 3.1 


- 21 


-35 


-13 




183 


-15 29 7.77 


5.138 -380 


- 14 





73 49 1.1 


- 30 - 6 


+ 11 


-12 




186 


+ 16 43 14.83 


- 6.272 -475 


- 48 





75 78 2.9 


- 23 - 3 


-30 


-16 




188 


+22 9 59.39 


6.390 -493 


- 16 





66 127 4.5 


- 27 - 2 


-37 


-16 




190 


+ 27 59 48.65 


6.907 -508 


- 90 


+ 1 


73 70 2.8 


- 26 - 3 


-46 


-17 




192 


+68 40 12.23 


6.939 -868 


- 43 





76 63 1.5 


+ 11+2 


+ 21 


+ 8 


146 8 Cam. 


193 


+ 8 29 27.19 


7.040 -441 


- 42 





76 93 2.7 


-14 + 6 


-23 


-13 




195 


+24 38 16.07 


- 8.408 -477 


- 62 





70 65 2.6 


- 22 - 2 


-39 


-16 




' 196 


+ 28 16 4.01 


8.466 -477 


- 58 


+ 6 


64 165 7.5 


- 20 - 2 


-23 


-12 




, 199 


+ 27 1 28.75 


9.089 -474 


- 36 





66 38 1.6 


- 43 -10 


— 


- 




202 


+ 28 4 29.04 


9.876 -465 


- 52 





75 70 1.8 


-16 + 1 


-34 


-15 


6 Cancri 


206 


+ 9 29 37.54 


10.906 -394 


- 64 





74 101 3.3 


- 33 - 2 


-25 


-12 




209 


+ 61 3 9.21 


-11.752 -689 


- 114 


+ 2 


70 90 4.5 


- 18 - 1 


+ 3 


+ 3 




210 


+ 20 46 51.26 


12.044 -402 


- 54 





72 74 2.2 


- 20 


-40 


-15 




212 


+21 49 41.23 


12.768 -386 


- 50 


+ 1 


70 53 2.3 


- 43 - 7 


- 


— 




213 


+ 18 31 18.81 


13.058 -377 


- 239 





67 75 3.2 


-20 + 1 


-38 


-15 




214 


+ 6 47 8.64 


13.038 -346 


- 53 


+ 1 


71 130 4.0 


- 38 - 4 


-16 


- 9 




216 


+48 26 3.76 


-13.944 -429 


- 249 


+ 6 


66 117 5.6 


- 15 


+ 3 


- 3 




217 


+ 12 14 41.57 


13.777 -343 


- 40 





73 78 2.6 


-9 + 2 


-26 


-16 




219 


+47 33 7.50 


14.042 -424 


- 66 





74 69 2.9 


-16 + 1 


- 1 


- 4 


j<-^ 


220 


+ 67 32 26.09 


14.344 -641 


- 70 





70 44 1.7 


0-4 


- 4 


+ 4 


jdby VjC 


221 


+ 11 4 14.54 


14.330 -326 


- 11 





74 76 2.7 


-5 + 2 


- 


Ulgrtlzf 
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No. 

223 
226 
228 
231 
232 

233 
235 
236 
237 
239 

240 
242 
243 
244 
245 

247 
249 
250 
252 

j 253 

256 
257 

I 258 
I 262 
j 263 

i 264 
! 266 
! 267 
i 268 
269 

270 
271 
273 
274 
275 

276 
277 
279 
280 
281 

282 
283 
286 

287 
288 

289 
290 
291 
292 
293 

298 
300 
301 
304 
305 



Name and Magnitude 


' 


R.A 


1900 




M 


t 


I n 


1 8 


Hydrae 


3.8 


9 


9 


9.738 


83 Cancri 


6.6 


9 


13 


24.092 


a Lyncis 


3.4 


9 


14 


57.897 


a Hydrae 


2.2 


9 


22 40.417 ! 


1 H Draconis 


4.5 


9 


22 


51.276 


Ursae Maj. 


3.3 


9 


26 


10.340 


Leonis 


3.8 


9 35 


48.869 


€ Leonis 


3.1 


9 


40 


10.590 


V Ursae Maj. 


3.9 


9 


43 


52.979 


fj. Leonis 


4.1 


9 


47 


4.673 


V Leonis 


5.2 


9 


52 


50.676 


TT Leonis 


4.8 


9 


54 


55.787 


rj Leonis 


3.6 


10 


1 


52.916 


a Leonis 


1.3 


10 


3 


2.838 


A Hydrae 


3.9 


10 


5 


42.782 


X Ursae Maj. 


3.6 


10 


11 


4.094 


y^ Leonis 


2.3 


10 


14 


27.628 


fx Ursae Maj. 


3.2 


10 


16 


22.431 


fjL Hydrae 


4.1 


10 


21 


15.233 


'13 Leonis min. 


4.4 


10 


22 


6.175 


9 H Draconis 


5.0 


10 


26 


36.313 


p Leonis 


3.8 


10 


27 


32.795 


34 Sextantis 


6.6 


10 


37 


27.679 


53 Leonis 


5.3 


10 


44 


0.116 


V Hydrae 


3.3 


10 44 


41.422 


46 Leonis min. 


3.9 


10 


47 


43.269 


a Orate ris 


4.1 


10 


54 54.104 1 


58 Leonis 


5.0 


10 


55 


23.794 


13 Ursae Maj. 


2.4 


10 


55 48.598 | 


u Ursae Maj. 


2.0 


10 


57 


33.628 


X Leonis 


4.7 


10 


59 


51.557 


ijf Ursae Maj. 


3.2 


11 


4 


2.623 


8 Leonis 


2.6 


11 


8 


47.474 


Leonis 
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223 
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15.112 
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+ 2 


+ 441 


233 


+ 52 7 59.46 


- 16.247 


-351 


-549+9 


68 103 5.0 


- 27 


- 4 


+ 9 


235 


+ 10 20 50.27 


16.248 


-267 


-39+1 


71 100 4.1 


- 48 


- 6 


-29 -14 


236 


+ 24 14 4.93 


16.454 


-278 


- 24 


69 139 4.9 


- 18 


- 2 


-32 -16 


237 


+ 59 30 33.04 


16.773 


-341 


-159+3 


64 74 3.7 


- 9 


- 1 


- 6 - 3 


239 


+ 26 28 40.55 


16.832 


-265 


-63 + 1 


74 88 2.4 


- 34 


- 9 


-50 -18 


240 


+ 12 oo 18.34 


-17.069 


-242 


- 29 


61 29 1.4 


- 10 


- 2 


_ 


242 


+ 8 31 26.50 


17.162 


-233 


- 27 


74 92 3.1 


- 28 





-34 -17 


243 


+ 17 15 1.00 


17.455 


-228 


- 12 


71 65 3.0 


- 47 


- 8 


-46 -16 


244 


+ 12 27 21.46 


17.496 


-219 


- 3 + 1 


66 193 8.8 


- 26 


- 2 


-21 -13 


245 


-11 51 35.26 


17.699 


-195 


-93 + 1 


76 40 1.2 


- 44 


- 6 


-10 -17 


247 


+43 24 49.69 


-17.870 


-234 


-46+1 


67 80 3.8 


- 28 


— 7 


+ 13 - 1 


24J) 


+ 20 20 50.63 


18.111 


-208 


- 153 - 1 


68 112 4.4 


- 25 


- 1 


_ — 


250 


+ 42 8.77 


18.012 


-221 


+ 20 


72 71 3.1 


- 38 


- 7 


-13 - 7 


252 


-16 19 32.82 


18.299 


-168 


-84+1 


75 43 1.3 


- 39 


- 6 


+ 31 - 7 


253 


+ 37 13 10.63 


18.358 


-202 


-112+1 


71 41 1.7 


- 16 





-44 -18 


256 


+ 76 13 41.43 


-18.416 


-293 


- 10 


77 75 1.9 


- 8 





-5+4 


267 


+ 9 49 16.35 


18.444 


-173 


- 6 


70 117 3.7 


- 33 


- 3 


-27 -15 


258 


+ 46 20.37 


18.738 


-151 


+ 23 


67 32 1.3 


- 31 


- 5 


_ _ 


262 


+ 11 4 27.56 


18.989 


-142 


- 34 


75 95 2.3 


- 10 


- 1 


-34 -15 


263 


-15 40 13.30 


18.781 


-131 


+ 193 


71 32 1.2 


- 80 


-18 


+ 1 -15 


264 


+34 45 14.23 


-19.348 


-144 


- 290 


73 61 1.8 


- 48 


- 7 


-62 -23 


266 


-17 45 58.56 


19.124 


-110 


+119+1 


' 74 24 1.3 


+ 23 


+ 12 


— _ 


267 


+ 49 15.83 


19.277 


-117 


- 21 


72 45 2.0 


- 15 


+ 1 


— _ 


268 


+ 56 55 6.48 


19.238 


-139 


+ 28 


62 85 4.1 


- 15 


+ 2 


+ 7 


269 


+ 62 17 27.18 


19.381 


-138 


-74 + 1 


62 138 6.8 


- 15 


- 3 


+ 11 + 6 


270 


+ 7 52 35.91 


-19.407 


-108 


-47 + 1 


72 90 3.6 


- 45 


•- 6 


-21 -11 


271 


+45 2 27.88 


19.490 


-111 


- 38 


71 91 4.0 


- 33 


- 5 


+ 3-2 


273 


+ 21 4 17.57 


19.693 


- 95 


- 145 


68 147 5.6 


- 29 


- 4 


-43 -19 


274 


+ 15 58 34.05 


19.638 


- 93 


- 86 


75 5S 2.2 


- 23 


- 1 


-27 -15 


275 


+ 33 38 23.53 


19.613 


- 88 


+ 15 


71 48 2.4 


- 57 


-11 


-39 -16 


276 


-14 14 14.58 


-19.455 


- 78 


+ 195 


70 113 3.7 


- 24 





+ 23 -10 


277 


+ 6 34 38.48 


19.693 


- 78 


- 15 


71 80 3.2 


- 47 


- 2 


-23 -12 


279 


+ 11 4 48.15 


19.807 


- 74 


- 85 


76 64 2.4 


- 32 


- 1 


-16 - 9 


280 


-17 8 5.25 


19.744 


- 67 


- 4 


73 22 1.6 


- 44 


+ 2 


+ 18 - 7 


281 


+ 3 33 28.93 


19.594 


- 64 


+173+1 


67 29 1.6 


- 78 


-13 


- 


282 


+ 3 24 25.01 


-19.802 


- 64 


- 19 


69 60 2.5 


- 35 


- 2 





283 


+ 69 52 58.80 


19.844 


- 70 


- 24 


72 112 4.8 


- 14 


- 4 


^ h ^- h 


286 


- 16 18.10 


19.861 


- 46 


+ 35 


72 113 3.4 


- 39 


- 4 


-19 -10 


287 


+ 75 23.02 


20.163 


- 29 


- 187 


62 31 1.8 


- 30 


- 1 


— _ 


288 


+ 48 20 1.82 


19.960 


- 30 


+ 16 


72 83 3.6 


— 22 


- 4 


+ 5-2 


289 


• +15 7 51.62 


-20.121 


— 22 


- 123 


65 166 7.5 


- 31 


- 5 


-37 -16 


290 


+ 2 19 41.51 


20.286 


- 21 


- 279 


6S 120 5.9 


- 46 


- 5 


-21 -14 


291 


+ 54 15 2.72 


20.019 


- 15 


+ 30 


64 139 7.5 


- 7 


- 1 


+ 16 + 4 


292 


+ 7 10 18.80 


20.076 





- 33 


71 51 2.4 


- 20 


- 1 


_ ■ — 


293 


+ 9 17 18.01 


20.009 


+ 9 


+ 38 


76 103 3.3 


- 17 


+ 6 


-19 -13 


298 


+ 78 10 18.82 


-20.018 


+ 22 


+ 18 


77 87 2.4 


- 14 


- 1 


-1+4 


300 


+ 57 35 17.61 


20.023 


+ 29 


+ 3 


67 85 4.7 


- 20 


- 2 


f 5 + 1 


301 


-16 59 12.30 


20.014 


+ 29 


+ 11 


70 38 1.9 


— 57 


- 5 


-10 -17 


304 


- 6 40.02 


20.0.30 


+ 37 


- 25 


73 138 4.4 


- 21 


+ 2 


-11 -10 


306 


+ 3 52 9.60 


20.080 


+ 38 


- 78 


62 23 1.6 


- 


- 


- LHgrtizf 



j^yG^ogle 



32 






THE ASTRONOMIC 


AL JOUR] 


ff AL. 

iV 50'). 




-N 




N""- 5 


31-532 






First Section — (Declination, +82° to — . 
























B- 




B- 


-A 


No. 


* Name and Magnitude 


R. A. 1900 


Ann. V. and Sec. V. 


11 and 100 J/i 


Ep. 


and Wt. 


Ja 


Jfi 


Ja 


Jfi 














.0001 


.0001 .0001 


T 


p. P- 


.001 



.0001 
- 6 


.001 


.0001 


307 


y Comae Ber. 


4.6 


ti m • 

12 21 57.314 


+ 2!9957 


_ 


124 


• • 

- 63 


72 


21 0.9 


• 


• 


308 


8^ Corvi 


3.1 


12 24 41.348 


3.0990 


+ 


119 


- 144 


72 
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4.3 
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74 
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-41 





11 
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3.9 
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71 


88 2.7 
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6 
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1.8 
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— 
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71 
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- 1 
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1 
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+ 8 


317 
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3.7 


12 50 33.958 


+ 3.0206 


-h 


27 
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74 


99 2.9 
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1 
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+ 7 


318 


a Canum Ven. 


2.8 


12 51 21.070 


2.8132 





147 


-199+1 


68 


110 3.8 


+ 10 


-h 


4 


+ 15 


+ 12 


320 


€ Virginis 


3.0 


12 57 11.941 


2.9866 





5 


- 186 


77 


110 2.6 


- 2 







+ 27 


+ 9 


321 


$ Virginis 


4.4 


13 4 46.299 


3.1026 


-f 
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- 24 


74 
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3.1862 
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- 
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76 
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+ 8 
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324 


61 Virginis 
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-h 
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_ 


326 
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13 19 55.426 
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66 
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-h 
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74 
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-f 
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- 69 


75 
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-f 
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_ 


_ 
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+ 4 
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rf Bootis 


2.8 
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3 


-45 + 1 


71 
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+ 7 


337 
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4.3 
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3.0606 


-h 


65 
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74 
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+ 
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3.6 
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-h 
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69 
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_ 


8 
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K Virginis 


4.3 
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-f 
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72 


86 2.8 
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— 


1 


+41 


+ 10 


342 


I Virginis 


4.2 


14 10 46.194 


3.1409 


+ 
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-12 + 2 


76 


62 1.8 
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+63 


+ 12 


344 


a Bootis 


0.3 


14 11 5.999 


2.7362 


-h 


25 


- 781 +11 


66 
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- 1 


+ 


1 


+ 33 


+ 8 


345 


A Bootis 


4.3 


14 12 34.962 


2.2833 


— 


49 


- 177 


73 


63 2.0 


-25 


— 


6 


+ 6 


+ 8 


346 


A Virginis 


4.6 


14 13 41.863 


+3.2396 


+ 


141 


- 16 


71 


56 1.7 


+ 19 


+ 


9 


_ 


_ 


347 


Bootis 


4.2 


14 21 47.666 


2.0430 





11 


-260+7 


72 


78 3.0 


-26 





6 


+ 2 


+ 6 


348 


p Bootis 


3.7 


14 27 31.229 


+ 2.6864 





16 


- 76 


76 


99 2.5 


- 7 





3 


+ 14 


+ 8 


349 
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4.4 


14 27 43.907 


-0.1791 
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+ 34-2 


70 


46 2.1 


+33 


-hll 


— 


— 
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y Bootis 


3.0 


14 28 3.088 


+ 2.4172 


— 


28 
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73 


68 2.3 


-17 


— 


4 


+ 9 


+ 11 


353 


fjL Virginis 


3.9 


14 37 47.369 


+ 3.1571 


+ 
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+ 71 + 1 


77 


61 2.0 


- 6 


-h 


1 


+49 


+ 16 


355 


€ Bootis 


2.6 


14 40 37.193 


2.6202 


+ 


1 


- 36 


69 


126 3.9 


+ 3 







- 


_ 


356 


8 Librae 


5.3 


14 45 9.261 


3.3112 


+ 


165 


- 70 


66 


66 3.0 


+ 8 


+ 


3 


+41 


+ 13 


357 


a Librae 


2.9 


14 46 20.704 


+3.3118 


+ 


155 


- 74 


67 


160 6.7 


+ 13 


-f 


4 


+38 


+12 


358 


P Ursae min. 


2.2 


14 60 69.588 


-0.2206 
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66 127 6.6 


-61 


— 


9 


+29 


+ 16 
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f ^ Librae 


5.7 


14 61 20.446 


+ 3.2489 


+ 
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72 


48 1.8 
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+ 
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_ 


362 


8 Librae 


4.9 
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+ 
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71 
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+ 
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- 67 
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15 17 27.053 
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+ 
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+ 


3 


- 


_ 
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+ 
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71 
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-h 


4 


— 
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; 376 


fi} Bootis 


4.3 
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68 
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-22 


— 
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+ 7 
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-62 
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6.0 
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+ 
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+ 
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-h 
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-h 
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16 25 52.161 


3.0228 


+ 
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2.8 
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/ t 


» / 




K a 




g 


t 


1 t 




389 


+26 36 44.00 


-11.672 +304 


+ 


30-1 


69 38 1.5 


- 13 


+ 2 


-16 - 9 




390 


+ 6 44 24.14 


11.608 +358 


+ 


38 + 1 


67 174 7.9 


- 39 


- 6 


-27 -13 




391 


+15 44 4.48 


11.442 +338 





57 + 1 


74 51 1.9 


- 20 


- 1 


-13 - 8 




392 


- 3 7 27.67 


11.208 +382 





27-1 


78 38 0.9 


- 19 


+ 1 


+ 10 - 4 




393 


+ 4 46 42.72 


11.020 +369 


+ 


67 + 1 


76 86 2.6 


- 73 


-13 


-18 -13 




396 


+78 6 7.92 


-10.949 -267 


_ 


3 + 1 


67 137 6.3 


+ 2 


+ 1 


+ 6 + 6 




396 


-16 26 9.43 


10.788 +423 


+ 


121 + 1 


63 25 1.4 


_ 


_ 


— — 




398 


+15 69 16:99 


11.933 +349 


-1297 + 3 


72 55 2.2 


- 47 


- 8 


-23 -13 




400 


+ 27 10 2.11 


10.684 +312 





68-1 


76 66 1.2 


- 25 


- 1 


-17 - 9 




403 


-19 31 54.72 


10.081 +443 


— 


29 


67 97 3.6 


- 44 


- 1 


+47 - 8 




404 


+58 49 66.97 


- 9.684 +141 


+ 


338 - 6 


66 71 4.2 


- 22 


- 1 


+ 6 + 5 




406 


-19 12 3.32 


9.584 +460 





32 


69 33 1.6 


+ 16 


+ 8 


_ — 




407 


- 3 26 13.41 


9.479 +409 





163 


70 138 4.8 


- 60 


- 9 


- 9 -10 




409 


- 4 26 56.03 


8.988 +417 


+ 


33 + 1 


75 69 2.0 


- 32 


- 4 


+ 13 - 6 




411 


+46 33 4.93 


8.699 +240 


+ 


31 


73 81 2.9 


- 9 


+ 2 


-f22 + 3 




412 


+19 23 15.98 


- 8.630 +361 


+ 


39 


72 67 2.3 


- 14 


+ 2 


-22 -11 




414 


-19 48 12.66 


8.674 +465 





63 


66 20 1.0 


_ 


_ 


— — 




416 


+61 44 26.81 


8.204 +110 


+ 


59 


66 101 4.7 


+ 3 


+ 1 


+ 8 + 4 




418 


-16 23 41.19 


8.079 +461 





38 


69 23 1.1 


— 


— 


_ - 




419 


+ 2 12 9.27 


8.092 +407 


— 


88 


72 54 1.7 


- 49 


- 9 


- 9 - 7 




420 


+21 42 26.30 


- 8.024 +347 


_ 


24 -1 


77 76 2.2 


- 12 


+ 1 


-30 -15 




421 


+ 68 69 4.20 


7.785 - 16 


+ 


34 -1 


74 66 1.9 


+ 3 


- 2 


+ 13 + 7 




423 


+42 38 35.25 


7.666 +264 


-t- 


36 


63 69 2.0 


+ 6 


+ 10 


+ 15 - 3 




424 


-10 21 53.06 


7.521 +449 


-f 


17 


76 73 1.9 


- 51 


- 5 


- 8 -14 




425 


-17 32 55.47 


7.208 +474 


— 


7 


69 28 1.6 


- 47 


- 3 


- 




427 


+39 6 44.01 


- 6.995 +285 





96 


68 72 3.7 


- 23 


- 2 


-40 -18 




434 


+ 9 31 49.04 


5.797 +396 





14-3 


74 132 3.5 


- 28 


- 3 


-28 -13 




436 


+31 4 24.46 


5.466 +324 


-H 


21-1 


71 70 2.0 


- 26 


- 3 


-33 -12 




437 


-15 36 4.36 


4.709 +489 


-f 


86 


73 73 2.6 


- 38 


- 5 


+ 16 -13 




439 


+ 65 50 15.89 


4.447 + 25 


+ 


20 


73 66 2.5 


+ 1 


+ 3 


+ 8 + 1 




440 


+ 14 30 14.87 


- 4.304 +391 


H- 


27 


66 157 7.4 


- 16 


- 2 


-23 -12 




441 


+24 57 24.95 


4.423 +352 





163 


74 47 1.8 


- 26 


- 5 


-19 -11 




442 


+36 55 17.93 


4.207 +299 





2 


77 54 1.3 


- 28 


- 1 


-26 -12 




443 


-21 20.02 


4.117 +618 





207 + 2 


66 23 1.0 


_ 


_ 


_ — 


• 


452 


+62 22 31.00 


2.769 +196 


+ 


6 


68 118 5.9 


- 20 


- 3 


+ 10 




454 


+ 12 37 67.46 


- 2.826 +405 


_ 


236 + 1 


67 180 7.8 


- 14 





- 5 - 8 


1 


455 


-15 20 8.64 


2.521 +497 





66 


74 26 0.9 


- 59 


- 6 


+33 - 7 




457 


-12 49 18.95 


2.168 +489 


— 


65-1 


72 21 0.9 


-106 


-17 


- - 




458 


+46 3 33.67 


2.042 +246 





6 


75 71 3.2 


- 41 


- 6 


+20 + 3 




459 


-21 38 4.78 


2.025 +621 


— 


55 - 1 


62 17 0.9 


- 


- 


- - 




460 


+ 68 48 16.17 


- 1.635 - 60 


-h 


327 


71 52 1.9 


+ 14 


+ 8 


+25 -m 




461 


+ 4 36 31.88 


1.724 +430 


-H 


151 


76 93 3.0 


- 60 


- 7 


-19 -11 




463 


+ 27 46 44.36 


2.276 +338 


— 


751 - 3 


72 101 2.8 


- 23 


- 2 


-21 -11 




465 


+ 72 11 52.61 


1.691 -156 


— 


268 


74 71 2.5 


- 6 





+ 7 + 7 




466 


+56 53 17.71 


0.642 +153 


+ 


75 + 2 


67 48 2.5 


- 20 


- 1 


+16 + 3 




467 


+37 15 48.88 


- 0.624 +300 


+ 


4 


74 41 1.6 


- 20 





-19 -10 




468 


- 9 45 41.07 


0.685 +481 





118 


79 45 1.3 


- 11 


+ 1 


+ 13 - 6 


1 


469 


+ 76 58 34.06 


0.292 -390 


+ 


239 + 3 


77 40 1.8 


- 12 


- 3 


+ 11 + 6 




470 


+51 30 1.74 


- 0.526 +203 





26 


65 133 7.1 


- 23 


- 2 


- 1 - 3 




474 


+ 9 32 58.07 


+ 0.310 +414 


+ 


92 - 1 


77 73 1.9 


- 39 


- 6 


-3-5 




475 


+ 28 44 54.74 


+ 0.320 +341 


_ 


2 


75 47 1.4 


- 27 





-13 - 8 




478 


-21 5 6.33 


0.676 +522 





5 


69 71 2.4 


- 19 


- 3 


+ 41 -10 




480 


+ 64 21 48.08 


1.193 + 57 


-h 


28 + 8 


64 35 1.9 


+ 7 


+ 4 


+34 + 8 


j<-^ 


482 


- 2 65 29.86 


0.711 +445 





699 - 5 


73 91 3.0 


- 54 


- 8 


— 16 —13 


byVjO' 


486 


+ 72 41 22.27 


1.627 -141 


— 


369 +17 


74 78 3.5 


+ 23 


+ 6 


+4i,g^i^d 
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First Section — (Declination, -f82° 


to -21° 60'). 














No. 


Name and Magnitude 


R.A. 1900 


Ann. V. and Sec. V. 


It and 100 Jft 


Ep. and Wt. 


B- 

Ja 


Jli 


B- 

Ja 


-A 














.0001 


.0001 


.0001 


T p. p. 


.001 


.0001 


.001 


.0001 




487 


« Lyrae 


M 

0.1 


b m 8 

18 33 33.146 


+ 2.0309 


+ 


8 

10 


+ 'l74 


• 
- 3 


67 169 7.2 


-16 


■ 


4 


+'l7 


+'9 


489 


llOHerculis 


4.3 


18 41 21.471 


2.5803 


+ 


17 


- 18 


+ 3 


73 47 1.6 


+ 14 


+ 


2 


+ 7 


+ 4 




490 


j8 Lyrae 


Var. 


18 46 23.277 


2.2144 


+ 


14 


+ 3 





68 134 4.8 


+ 7 





1 


+ 11 


+ 7 


492 


50 Draconis 


5.4 


18 49 36.178 


-1.9122 





652 


- 35 


- 8 


70 32 0.8 


+ 16 





4 


_ 


« 


493 


Draconis 


4.7 


18 49 43.560 


+0.8877 


— 


46 


+ 105 





70 45 1.6 


-67 


— 


11 


+ 2 


+ 4 


494 


Serpentis 


4.3 


18 61 14.906 


+2.9826 


„_ 


6 


+ 31 





71 47 1.9 


+ 22 


H- 


3 


+47 


+ 13 i 


496 


€ Aquilae 


4.2 


18 65 6.022 


2.7218 


+ 


6 


- 44 


+ 1 


72 78 2.2 


- 5 





2 


+27 


+ 7 1 


496 


y Lyrae 


3.3 


18 65 12.171 


2.2437 


+ 


13 


- 1 





75 64 2.0 


+ 11 


H- 


4 


+ 16 


+ 9 


498 


Sagittarii 


3.9 


18 68 41.465 


3.5970 





55 


+ 62 





64 25 1.2 


__ 




_ 


_ 


_ 1 


501 


{ Aquilae 


3.0 


19 48.836 


2.7570 


+ 


4 


- 6 


+ 1 


70 140 3.9 


+ 5 


+ 


2 


+ 32 


+10 : 


502 


X Aquilae 


3.5 


19 56.635 


+3.1841 


. 


21 


- 18 


+ 1 


77 66 2.1 


+ 7 


+ 


2 


+39 


+ 9 




604 


w Sagittarii 


3.0 


19 3 49.038 


3.5699 





69 


- 4 





70 62 1.8 


+ 3 


+ 


1 


+ 36 


+11 




606 


43 Sagittarii 


5.0 


19 11 47.094 


3.5126 





62 


- 8 





75 48 1.7 


+ 29 


+ 


7 


_ 


_ 1 


606 


8 Draconis 


3.2 


19 12 31.998 


0.0256 





235 


+ 173 


- 2 


66 95 4.6 


-11 





2 


+42 


+ 19 


607 


K Cygui 


4.0 


19 14 47.526 


1.3881 


— 


30 


+ 70 


- 2 


71 72 2.5 


- 7 


— 


2 


+ 1 


+ 6 


608 


p Sagittarii 


4.0 


19 15 62.423 


+3.4822 


_ 


63 


- 17 





67 29 1.4 


_ 




_ 


_ 


_ 


509 


T Draconis 


4.6 


19 17 28.712 


-1.1276 





588 


- 318 


-11 


72 76 3.0 


-65 





8 


+ 36 


+ 16 




610 


8 Aquilae 


3.4 


19 20 27.394 


+3.0253 





19 


+ 169 





70 151 4.5 


+ 1 


+ 


1 


+40 


+ 12 




612 


^ Cygni 


3.1 


19 26 41.306 


2.4187 


+ 


10 


— 2 





72 72 2.7 










+ 19 


+ 8 




513 


t Cygni 


3.9 


19 27 11.087 


1.6134 


— 


26 


+ 20 


- 2 


71 67 2.4 


-20 


— 


3 


- 4 


+ 6 


515 


K Aquilae 


4.9 


19 31 30.737 


+3.2293 





45 


+ 3 





73 42 1.3 


- 6 


__ 


2 


^ 


1 


616 


Cygni 


4.7 


19 33 45.576 


1.6086 





23 


- 30 


- 4 


71 43 2.3 


-33 





7 


+ 5 


-h 7 ' 


517 


55 Sagittarii 


5.0 


19 36 47.980 


3.4344 


— 


76 


+ 42 





64 26 1.2 





H- 


2 


- 


- 




618 


56 Sagittarii 


5.1 


19 40 31.786 


3.5033 





91 


- 95 


+ 1 


70 26 1.3 


+26 


+ 


4 


— 


_ 




619 


y Aquilae 


2.8 


19 41 30.336 


2.8523 


— 


11 


+ 9 





67 164 7.5 


+ 3 


+ 


2 


+ 31 


+10 




620 


8 Cygni 


3.0 


19 41 50.975 


+ 1.8765 


-f 


1 


+ 60 





72 59 1.6 


-30 


_ 


6 


+12 


+11 




521 


a Aquilae 


0.9 


19 46 64.256 


2.9274 





19 


+ 361 


- 2 


66 166 6.9 


- 6 







+25 


+ 8 




622 


c Draconis 


4.0 


19 48 30.849 


-0.1819 





441 


+ 1Q,0 


+ 1 


70 72 1.8 


-42 





9 


+37 


+ 16 




623 


P Aquilae , 


3.9 


19 60 24.073 


+2.9469 





15 


+ 23 


+ 3 


67 167 7.6 


- 6 





1 


+ 27 


+ 8 




525 


Aquilae 


3.4 


20 6 8.744 


3.0967 


— 


43 


+ 21 





75 106 3.0 


+ 9 


H- 


1 


+63 


+ 13 




526 


31 Cygni 


3.9 


20 10 28.961 


+ 1.8889 


-h 


4 


+ 2 





74 66 1.2 


-39 


___ 


12 


+ 2 


+ 6 




527 


«* Capricorni 


4.6 


20 12 6.360 


3.3283 





86 


+ 10 





67 87 4.1 


+ 5 


-h 


2 


+37 


+ 11 




528 


K Cephei 


4.4 


20 12 15.761 


-1.9397 


-1676 


+ 28 





73 74 2.4 


- 4 


+ 


4 


+45 


+ 16 




529 1 «*Capricorni 


3.8 


20 12 30.424 


+3.3318 





86 


+ 40 





66 137 5.3 


+ 5 


-f 


1 


+30 


+ 10 




630 


/3 Capricorni 


3.2 


20 16 23.620 


3.3742 


— 


96 


+ 24 





70 68 2.4 


-22 


— 


6 


+40 


+13 




632 


y Cygni 


2.3 


20 18 38.348 


+2.1522 


+ 


19 


+ 2 





72 103 4.7 


- 7 


__ 


2 


+ 16 


+ 10 




533 


TT Capricorni 


5.2 


20 21 36.898 


3.4385 





116 


+ 8 





73 37 1.6 


+ 14 


-H 


4 




- 




634 


p Capricorni 


4.9 


20 23 9.466 


3.4266 





116 


- 10 





72 80 1.8 


+ 7 


+ 


3 


+37 


+13 




636 


Cephei 


4.3 


20 27 54.285 


1.0139 





162 


+ 64 


+ 1 


69 72 3.0 


-16 


— 


1 


+32 


+ 13 




636 


€ Delphini 


4.0 


20 28 26.144 


2.8666 


— 


12 


+ 6 





76 104 2.7 


- 3 


— 


1 


+30 


+ 9 




638 


P Delphini 


3.7 


20 32 61.692 


+ 2.8131 


__ 


4 


+ 74 





72 46 1.9 


-26 


__ 


8 


+32 


+11 




639 


V Capricorni 


5.4 


20 34 21.495 


3.4200 





122 


- 17 





71 24 1.0 


+ 11 


+ 


1 


+34 


+11 




640 


a Delphini 


3.9 


20 34 69.603 


2.7866 





1 


+ 45 





70 76 2.4 


- 9 


— 


2 


+28 


+10 




542 


a Cygni 


1.3 


20 38 1.344 


2.0440 


+ 


22 








66 132 6.8 


-17 


— 


4 


-10 


+ 6 




544 


y* Delphini 


4.1 


20 42 1.161 


2.7832 


+ 


2 


- 23 


+ 1 


69 34 1.1 


+ 17 


H- 


1 


+25 


+ 8 




1 

545 1 € Cygni 


2.6 


20 42 9.889 


+ 2.4266 


+ 


28 


+ 289 


- 1 


74 68 2.8 


-16 


__ 


6 


+ 12 


+ 8 




546 


c Aquarii 


3.9 


20 42 15.806 


3.2607 





84 


+ 19 





76 83 2.0 


- 1 


+ 


2 


+49 


+18 




547 


tf Cephei 


3.6 


20 43 16.383 


1.2266 





146 


+ 133 


-16 


66 79 3.4 


-10 


— 


1 


- 7 


+ 6 




549 


fji Aquarii 


4.8 


20 47 16.667 


3.2390 





83 


+ 26 





75 60 1.9 


+ 2 







- 


- 




551 


32 Vulpeculae 


5.2 


20 50 17.862 


2.5555 


-H 


27 


- 6 





73 77 1.5 


-22 


— 


4 


+ 8 


+ 4 ! 


552 


V Cygni 


4.0 


20 53 26.669 


+ 2.2346 


+ 


38 


+ 4 





73 63 2.0 


-20 


__ 


4 


-12 


+ 3 


553 


rj Capricorni 


5.0 


20 58 42.890 


3.4199 





142 


- 30 





66 22 1.3 


-11 


— 


6 


- 


- ' 


554 


$ Capricorni 


4.2 


21 19.618 


3.3779 





127 


+ 67 





73 53 1.6 


+ 12 


-f 


6- 


■> - 


-f 


555 


f Cygni 


3.9 


21 1 17.584 


2.1803 


-f 


42 


+ 6 





72 57 1.6 


— 13 


J TTi 


,4 


^f^ 


rap 


556 


V Aquarii 


4.5 


21 4 8.873 


3.2720 


— 


98 


+ 62 





74 41 1.4 


■ gjII^C ijiy 


§^ 


r'-h^ 


W 


<^ 
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First Section — (Declination, +82° to —21° 50'). 



















B — N 


B- 


-A 




No. 


Decl. 1900 


Ann. V. and Sec. V. 


!>■' 


uid 100 J/z' 


Ep. 


and Wt. 


J8 J,i> 


J8 


J^' 








.001 




.001 .001 


T 


p, p^. 


.01 .001 


.01 


.001 






O / # 


K K 




r 


It 






# » 


f 


g 




487 


+38 41 25.44 


+ 3.203 +294 


+ 


279 + 


3 


64 


168 7.8 


- 27 - 1 


— 7 


- 9 




489 


+ 20 27 1.43 


3.254 +308 





344 





76 


47 1.8 


- 23 


-18 


-13 




490 


+33 14 46.96 


4.023 +315 





7 





65 


138 5.7 


- 27 - 2 


-28 


-13 




492 


+ 75 18 ^.33 


4.382 -274 


+ 


77 - 


1 


71 


25 0.8 


+ 88 +26 


- 


- 




493 


+59 15 57.66 


4.339 +126 


+ 


23 + 


2 


64 


57 3.5 


- 15 


+ 24 


+ 5 




494 


+ 44 23.76 


+ 4.472 +423 


+ 


26 





72 


46 1.9 


- 35 - 1 


-15 


-12 




495 


+ 14 55 56.34 


4.695 +383 





77 - 


1 


72 


62 2.1 


-10 + 4 


-15 


-11 




496 


+32 33 7.78 


4.775 +315 





7 





71 


69 2.0 


- 30 - 2 


-33 


-16 




498 


-21 63 17.03 


5.011 +506 





67 + 


1 


65 


19 0.8 


- _ 


- 


— 




501 


+ 13 42 52.56 


5.155 +385 


— 


102 





69 


143 6.1 


- 32 - 3 


-12 


-11 




502 


- 5 I 57.55 


+ 5.178 +445 


_ 


90 





77 


67 1.8 


- 65 - 7 


- 4 


-11 




604 


-21 10 57.67 


5.470 +498 





40 





72 


40 1.7 


- 27 - 4 


+47 


-14 




505 


-19 7 51.62 


6.158 +484 





19 





74 


49 1.8 


- 32 - 2 


- 


- 


d 


506 


+67 29 8.27 


6.328 + 3 


+ 


89 + 


2 


67 


114 6.1 


-2 + 1 


+30 


+ 9 




507 


+ 53 11 1.69 


6.544 +190 


+ 


117 + 


1 


71 


77 3.9 


- 23 - 4 


+ 16 

» 


+ 1 




608 


-18 2 8.12 


+ 6.635 +477 


+ 


19 





70 


25 0.8 


_ „ 




„ 




509 


+ 73 10 11.64 


6.769 -162 


+ 


110 - 


4 


75 


68 2.1 


- 6 


+ 19 


+ 9 




510 


+ 2 54 54.69 


6.971 +414 


+ 


77 + 


2 


70 143 5.2 


- 35 - 4 


-17 


-11 




512 


+ 27 44 58.03 


7.394 +324 





9 





74 


75 2.3 


-22 + 1 


-14 


-11 




613 


+51 30 69.64 


7.566 +202 


+ 


122 





71 


71 3.9 


- 36 - 6 


+ 5 


- 1 




515 


- 7 14 59.66 


+ 7.792 +431 


_ 


2 





74 


42 1.2 


- 38 - 3 


_ 


_ 




516 


+49 59 21.57 


8.221 +212 


+ 


247 





67 


68 4.2 


- 36 - 4 


+ 20 


+ 3 




517 


-16 21 30.48 


8.201 +454 





17 + 


1 


65 


21 0.7 


- 30 - 2 


- 


- 




518 


-20 6.13 


8.417 +457 





97 - 


1 


68 


22 1.0 


- 67 - 9 


- 


— 




519 


+ 10 22 9.76 


8.687 +372 


— 


4 





65 


167 7.9 


- 19 - 1 


-16 


-12 




520 


+44 63 11.40 


+ 8.656 +244 


+ 


37 + 


1 


68 


76 3.6 


- 22 - 7 


+22 


- 1 




521 


+ 8 36 14.56 


9.317 +383 


+ 


380 + 


6 


66 


172 8.1 


-12+2 


- 9 


-11 




522 


+ 70 47.67 


9.172 - 25 


+ 


31 + 


2 


70 


66 3.1 


+ 9 + 4 


+36 


+ 11 




623 


+ 69 24.45 


8.806 +377 





483 





66 


166 7.8 


- 37 - 2 


-22 


-12 




526 


- 1 7 5.73 


10.488 +380 


+ 


3 





76 


86 2.7 


- 36 - 3 





-10 




526 


+46 26 16.26 


+ 10.808 +228 


+ 


• ] 





73 


64 2.2 


- 33 - 4 


+ 4 


- 1 


0* or o* 


527 


-12 49 2.66 


10.932 +402 


+ 


6 





66 


65 3.5 


-24 + 1 


+22 


- 9 




528 


+ 77 24 37.15 


10.964 -242 


+ 


26 





73 


77 2.5 


-1 + 1 


+ 6 


+ 8 




529 


-12 51 17.78 


10.961 +403 


+ 


5 





64 


135 5.4 


- 28 - 2 


+23 


-11 




630 


-15 5 60.36 


11.167 +404 


+ 


1 





70 


48 2.1 


- 35 - 6 


+ 8 


-16 




632 


+ 39 56 10.96 


+11.398 +253 


__ 


3 





71 


107 4.8 


- 32 - 3 


-21 


-11 




533 


-18 32 22.98 


11.600 +404 





13 





75 


36 1.4 


- 74 -10 


- 


- 




534 


-18 8 39.73 


11.702 +400 





22 





71 


63 1.8 


- 18 - 2 


+ 9 


-17 




635 


+62 39 28.31 


12.041 +114 





17 + 


1 


71 


71 3.8 


-9 + 1 


+ 9 







536 


+10 67 47.61 


12.069 +328 


— 


26 





77 


87 2.2 


- 23 - 1 


- 4 


-10. 




538 


+ 14 14 49.48 


+ 12.364 +318 


_ 


37 + 


1 


73 


46 1.7 


- 28 - 2 


- 3 


- 8 




639 


-18 29 27.27 


12.483 +384 





21 





72 


27 1.3 


- 81 -14 


+37 


- 9 




540 


+ 16 33 32.66 


12.539 +312 





8 





69 


66 2.7 


- 92 -26 


-10 


-12 




642 


+44 65 22.17 


12.752 +225 





1 





65 168 8.6 


-14 + 2 


+ 11 


- 2 




644 


+16 46 49.30 


12.817 +303 


— 


204 





69 


39 1.4 


- 43 - 8 


-18 


-12 




646 


+33 35 43.67 


+ 13.362 +267 


+ 


322 + 


3 


71 


76 3.2 


- 37 - 4 


-20 


-14 




546 


- 9 51 43.16 


13.003 +356 





34 





75 


69 2.4 


- _ 36 - 4 


+17 


-11 




547 


+61 27 0.99 


13.923 +131 


-h 


820 + 


1 


66 


78 6.0 


-17 + 1 


+26 


+ 7 




549 


- 9 21 31.37 


13.331 +346 





35 





72 


61 2.4 


-13 + 4 


- 


- 




551 


+27 40 37.52 


13.561 +269 


— 


2 





73 


70 1.6 


- 36 - 6 


-13 


- 9 




552 


+40 46 54.76 


+ 13.740 +231 


_ 


24 





73 


63 2.0 


- 40 - 6 


-16 


-12 




553 


-20 16 2.02 


14.052 +348 





44 





64 


21 1.3 


+ 8 + 3 


- 


- 




554 


-17 37 49.39 


14.129 +342 





67 





72 


42 1.6 


- 16 


- 


- 


/^ 


555 


+ 43 31 43.35 


14.253 +218 





2 





73 


56 2.2 


- 53 -10 


+28 


ijgi 


ized by V: 


556 


-11 46 36.29 


14.417 +326 


— 


12 + 


1 


74 


50 2.2 


- 60 - 6 


+ 1 



Google 
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First Section — (Declination, +82*^ 


to -21" 60'). 








No. 


Name and Magnitude 


R.A. 1900 


Ann. V. and Sec. V. 


u and 100 J^ 


Ep. and Wt. 


B- 

Ja 


-N 


B-A ; 

Ja Jm 










.0001 


.0001 


.0001 


r p. p. 


.001 

s 

- 3 


^000 1_, 



.001 .0001 


557 


{Cygni 


M 

3.6 


21 8 40.792 


+ 2.5615 + ' 40 


• 
- 2 


• 



71 130 3.4 


+ 10 +'8 


568 


T Cygni 


3.9 


21 10 47.914 


2.3926 + 46 


+ 134 


2 


68 47 2.0 1 


-29 


- 7 


- 7 + 5 j 


559 


a Equulei 


4.1 


21 10 49.523 


3.0001 - 27 


+ 38 





77 66 1.8 


+ 7 


+ 6 


+ 29 + 9 1 


560 


a Cephei 


2.6 


21 16 11.590 


1.4353 - 69 


+ 217 


+ 2 


66 131 5.4 


-31 


- 7 1 


+ 15 +12 


561 


t Capricorai 


4.3 


21 16 40.786 


3.3460 - 129 


+ 22 





69 44 1.3 


- 1 


1 

1 


- 


562 


1 Pegasi 


4.2 


21 17 27.700 


+ 2.7736 + 19 


+ 74 





76 39 1.1 


- 7 


- 2 


+ 82 + 7 


665 


fi Aquarii 


3.3 


21 26 17.711 


3.1608 - 71 


+ 10 





70 148 4.6 


- 6 


- 2 


+40 +11 ; 


566 


P Cephei 


3.4 


21 27 22.310 


0.7909 - 350 


+ 22 





76 123 5.6 


-21 


- 4 


+38 +16 1 


567 


€ Capricorn i 


4.7 


21 31 28.959 


3.3652 - 148 


+ 6 





71 20 1.1 


- 


- 


- - 


568 


f Aquarii 


4.8 


21 32 25.757 


3.1971 - 82 


+ 77 





74 63 1.8 


+ 3 


+ 2 1 

1 


- 


569 


y Capricorui 


3.8 


21 34 33.100 


+3.3294 - 131 


+ 131 





68 53 2.1 


+ 1 


+ 2 i 


+ 33 +11 


671 


c Pegasi 


2.6 


21 39 16.471 


2.9464 - 6 


+ 18 





71 150 4.1 


+ 3 


+ 2 1 


+29 + 9 , 


572 


K Pegasi 


4.2 


21 40 6.981 


2.7146 + 47 


+ 24 





77 37 0.8 


-19 


- 4 1 


+ 15 + 7 ' 


573 


8 Capricorni 


3.0 


21 41 31.349 


3.3163 - 126 


+ 179 


+ 1 


68 64 2.4 


+ 6 


+ 3 


+ 48 +14 


574 


/A Capricorni 


6.2 

• 


21 47 50.713 


3.2754 - 112 


+ 211 





72 47 2.0 


+26 


+ 7 


- 


576 


a Aquarii 


3.2 


22 38.887 


+3.0826 - 41 


+ 9 





67 168 6.6 


- 9 


ol 


+32 +10 


577 


t Aquarii 


4.3 


22 1 2.237 


3.2443 - 111 


+ 23 





71 62 1.6 


+ 10 


+ 1 


+30 +12 


579 


t Pegasi 


3.9 


22 2 21.313 


2.7903 + 63 


+ 220 


+1 


73 65 1.7 


-16 


- 2 


+ 16 + 8 


580 


e Pegasi 


3.7 


22 5 9.336 


3.0266 - 11 


+ 184 





74 63 1.9 


-14 


- 3 


+ 26 + 8 


581 


{ Cephei 


3.6 


22 7 23.014 


2.0754 + 116 


+ 9 





72 74 2.8 


-37 


- 9 


-9+3 


582 


$ Aquarii 


4.3 


22 11 33.445 


+3.1684 - 76 


+ 74 





71 108 3.1 


+ 1 


+ 1 


+ 29 +11 


585 


y Aquarii 


3.9 


22 16 29.491 


3.0997 - 42 


+ 81 





73 108 3.4 


- 5 





+ 36 + 9 


586 


fi Lacertae 


4.6 


22 19 37.577 


2.3622 + 157 


- 17 


+ 1 


69 40 2.4 


-31 


-10 


+ 3+4 


587 


(T Aquarii 


4.8 


22 26 21.362 


3.1784 - 87 








70 61 2.2 


- 8 





- - 


588 

1 


8* Cephei 


Var. 


22 26 27.384 


2.2194 + 169 


+ 13 





64 65 2.7 


-20 


— 2 


+ 1+6 


! 589 i a Lacertae 


3.8 


22 27 10.220 


+ 2.4643 + 170 


+ 145 


+ 1 


73 58 1.6 


-42 


-12 


-5+5 


1 590 ' -q Aquarii 


4.1 


22 30 13.092 


3.0840 - 30 


+ 60 





73 132 3.2 


+ 6 


+ 4 


+36 +11 


591 : K Aquarii 


6.4 


22 32 34.671 


3.1084 - 49 


- 52 





68 22 1.2 


-19 


- 4 


- - 


1 593 : i Pegasi 


3.6 


22 36 28.467 


2.9910 + 24 + 63 





70 126 3.5 


— 7 


- 1 


+ 28 +11 


595 ri Pegasi 

1 


3.1 


22 38 18.806 


2.8072 + 110 + 8 


74 64 2.1 


-17 


- 3 


+ 4+7 


596 j \ Pegasi 


4.2 


22 41 42.817 


+2.8860 + 84 + 41 


74 56 2.0 


+ 3 


+ 3 


+ 15 + 8 


598 T^ Aquarii 


4.3 


22 44 17.893 


3.1803 - 98 


- 11 





71 48 1.5 


- 8 


- 3 


+36 +11 


599 li. Pegasi 


3.7 


22 45 10.564 


2.8915 + 92 


+ 107 


73 71 2.3 


-20 


- 4 


+ 14+6 


' 600 1 I Cephei 


3.7 


22 46 7.133 


2.1245 + 227 


- 112 


- 1 I 70 82 3.5 


-24 


- 2 


+ 7+8 


601 X Aquarii 


3.9 


22 47 2.*J.882 


3.1320 - 62 


+ 3 





74 105 3.0 


+ 2 


+ 1 


+ 38 +11 


602 j 8 Aquarii 


3.5 


22 49 20.633 


+3.1880 - 109 


- 33 


67 42 2.2 


+ 6 


+ 1 


+37 +13 


604 o ADdromeda€ 


s 3.6 


22 67 19.112 


2.7517 + 190 1 + 20 





74 57 1.7 


+ 3 





-2+6 


1 605 


P Pegasi 


2.7 


22 58 55.530 


2.9033 + 120 


+ 145 





74 56 2.1 


- 3 


- 1 


+ 18 +10 


606 


a Pegasi 


2.6 


22 59 46.740 


2.9855 + 58 


+ 40 





67 165 6.6 


1 - 1 





1 +23 + 9 


! 607 


qp Aquarii 


4.4 


23 9 8.619 


3.1081 - 43 


+ 18 


! 71 47 2.2 


- 4 


+ 3 


- 


608 1 i/r^ Aquarii 


4.5 


23 10 39.175 


+ 3.1456 - 61 


+ 248 


i 70 32 1.4 


— 22 


— 2 


1 "" "" 


610 


y Pisciura 


3.8 


23 11 58.871 


3.1093 + 7 


+ 602 





72 120 3.3 


— 2 


+ 1 


+33 +11 


612 


^' Aquarii 


6.2 


23 13 45.625 


3.1235 - 61 


+ 32 





67 24 1.2 


+ 4 


+ 5 


j ~ ~ 


613 


98 Aquarii 


4.2 


23 17 43.188 


3.1560 - 121 


- 87 





68 19 0.8 


i +42 


+ 12 




614 


K Piscium 


5.0 


23 21 48.377 


3.0753 + 1 


+ 57 





75 99 2.4 


- 4 


+ 1 


+33 +11 


615 


$ Piscium 


4.4 


23 22 63.707 


+3.0415 + 28 


- 88 





72 34 1.5 


i ^ 


- 1 


_ _ 


617 


X Andromedae 4.0 


23 32 40.044 


2.9232 + 282 


+ 150 


+ 2 


71 61 2.7 


\ -37 


- 7 


-1+7 


618 


t Piscium 


4.3 


23 34 48.388 


3.0841 + 32 


+ 248 


+ 1 1 71 133 3.7 


: - 6 


+ 2 


+28 + 9 


619 


Y Cephei 


3.4 


23 35 14.439 


2.4266 + 753 


- 178 


-10 1 65 119 5.7 


-45 


— 7 


+43 +20 


620 1 20 Piscium 


5.6 


23 42 48.113 


3.0844 - 8 


+ 63 


1 67 22 1.4 


- 


- 


~ 


623 


27 Piscium 


6.0 


23 53 33.217 


+3.0712 - 6 


- 38 


i 66 25 1.3 


- 1 


- 4 


_ _ 


624 


<i) Piscium 


4.0 


23 54 10.548 


3.0787 + 49 


+ 101 





74 144 3.4 


i - 3 


- 1 


+ 34 +12 


625 


29 Piscium 


5.1 


23 56 41.954 


3.0743 - 2 


+ 8 





67 20 1.1 


1 — 


- 


-w ~~ 


■ 626 


30 Piscium 


4.7 


23 56 49.886 


3.0772 - 18 


+ 27 





72 33 1.4 


in-K^^ 


^(^ 


0de: 


627 


1 2Ceti 


4.6 


23 58 37.052 


3.0762 - 79 


+ 13 





74 51-a't^ 


ed^byi^ 


<^\£j 
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First Section — (Declination, -1-82*' to -2r 50'). 













B — N 


B- 


A 




No. 


Decl. 1900 


Ann. V. and Sec. V. 


/»' and 100 Jfi' 


Ep. and Wt. 


J8 J^' 


J8 


J^' 








.001 


.001 .001 


T p, p„/ 


.01 .001 


.01 


.001 






O / # 


K If 


jr r 




# K 


# 


K 




557 


+ 29 48 59.69 


+ 14.643 +247 


- 59 


69 122 3.5 


-19 + 2 


-16 


-10 




558 


+37 37 5.88 


15.254 +230 


+427+1 


70 61 2.0 


- 47 - 7 


-27 


-13 




559 


+ 4 60 3.27 


14.742 +288 


- 87 


77 76 3.0 


- 28 - 1 


+ 4 


- 8 




560 


+ 62 9 42.48 


15.190 +133 


+ 49 + 2 


64 140 7.6 


- 3 


+ 8 


+ 3 




561 


-17 15 37.83 


15.174 +313 


+ 60 


65 34 1.6 


-14 + 2 


- 


- 




562 


+ 19 22 35.24 


+ 16.272 +258 


+ 69 + 1 


75 61 1.8 


- 38 - 5 


-23 


-11 




565 


- 6 40.41 


15.698 +280 


- 7 


67 146 6.1 


-9 + 4 





-12 




566 


+ 70 7 18.04 


15.708 + 65 


+ 50 


63 144 6.5 


- 2 - 1 


+ 26 


+ 8 




567 


-19 54 51.19 


15.981 +289 


- 2 


67 20 1.1 


__ _ 


_ 


_ 




568 


- 8 18 10.08 


16.009 +274 


-24 + 1 


73 60 2.6 


- 24 


- 


- 




569 


-17 6 50.75 


+ 16.123 +282 


-20 + 1 


69 52 2.4 


- 31 - 3 


+23 


-11 




571 


+ 9 24 58.88 


16.384 +241 


- 1 


70 143.4.4 


- 22 


- 6 


-10 




572 


+ 25 11 6.68 


16.429 +220 


- 2 


75 45 1.5 


- 38 -11 


. - 4 


-10 




673 


-16 34 52.17 


16.202 +269 


-295+1 


67 66 2.6 


-12 + 2 


+ 36 


-10 




574 


-14 1 21.44 


16.814 +255 


+ 9 + 2 


71 63 1.9 


+ 5 + 8 


- 


- 




676 


- 48 20.80 


+17.383 +216 


- 6 


66 167 7.2 


- 29 - 4 


+ 3 


- 8 




577 


-14 21 17.82 


17.346 +227 


- 60 


69 48 2.0 


-24 + 2 


+ 20 


-12 




579 


+ 24 61 23.37 


17.481 +194 


+ 18 + 2 


73 64 1.9 


- 33 - 2 


- 4 


- 7 




580 


+ 6 42 20.72 


17.615 +206 


+ 33+1 


76 53 1.9 


- 32 - 3 


+ 16 


- 5 




581 


+ 67 42 29.53 


17.682 +136 


+ 70 


71 83 4.3 


- 28 - 3 


+ 15 


+ 3 




582 


- 8 16 62.77 


+ 17.826 +203 


- 19 


71 106 3.6 


- 31 - 1 


+ 18 


- 6 


• 


686 


- 1 63 28.90 


18.046 +190 


+ 9 + 1 


73 97 3.7 


- 62 - 6 


+ 16 


- 6 




586 


+61 43 40.47 


17.966 +138 


- 190 


73 64 3.1 


- 27 - 1 


+20 


+ 2 


F3 


687 


-11 11 23.30 


18.333 +178 


- 29 


69 56 2.4 


- 46 - 3 


- 


- 




588 


+ 67 54 11.67 


18.368 +122 


+ 30 


60 51 3.0 


-16 + 2 


+36 


+ 7 




589 


+ 49 46 6.67 


+ 18.438 +136 


+ 13 + 1 


72 71 3.3 


- 12 


+12 


- 2 


F7 


690 


- 37 58.99 


18.474 +164 


- 64 


73 119 3.3 


- 38 - 1 


+ 4 


- 6 




691 


- 4 44 38.12 


18.491 +161 


- 116 


63 24 1.4 


- 21 - 2 


- 


— 




593 


+ 10 18 33.16 


18.718 +148 


- 12 


68 126 4.4 


-13 + 2 


-10 


-10 




696 


+29 41 62.99 


18.762 +135 


- 36 


76 63 1.8 


-13 + 2 


+16 


- 2 




696 


+ 23 2 21.34 


+ 18.875 +133 


- .14 


76 66 2.4 


- 29 - 6 


-19 


-14 




698 


-14 7 13.82 


18.927 +143 


- 36 


69 38 1.6 


- 38 - 3 


+ 15 


-13 




699 


+ 24 4 24.26 


18.943 +128 


-45 + 1 


73 62 2.0 


- 30 - 3 


-22 


-12 




600 


+66 40 27.88 


18.893 + 89 


- 121 - 1 


69 97 4.8 


+ 13 + 6 


+34 


+ 9 




601 


- 8 6 42.53 


19.086 +134 


+ 36 


73 96 3.4 


- 20 


+ 10 


- 9 




602 


-16 21 9.77 


+19.081 +133 


- 21 


69 38 1.9 


-18 + 6 


+26 


-10 




604 


+41 47 18.19 


19.288 +100 


- 13 


73 64 1.6 


- 40 - 4 


+ 3 


- 6 




606 


+27 32 24.72 


19.472 +104 


+133+1 


69 67 2.9 


- 30 - 2 


-26 


-14 




606 


+ 14 40 1.47 


19.314 +105 


- 45 


64 164 6.9 


- 36 - 6 


-21 


-14 




607 


- 6 35 17.26 


19.366 + 91 


- 190 


69 48 2.3 


+ 7+4 


- 


- 




608 


- 9 37 67.68 


+ 19.670 + 91 


-14 + 1 


&B 34 2.0 


- 63 - 8 


_ 


_ 


F91 


610 


+ 2 44 8.83 


19.627 + 87 


+ 19 + 2 


73 111 3.6 


- 30 - 2 


+ 6 


- 6 




612 


-10 9 27.05 


19.642 + 83 


+ 20 


63 29 1.6 


+ 7+3 




— 


F96 


613 


-20 38 47.34 


19.614 + 76 


- 93 


72 15 0.5 


+ 33-3 


- 


- 


b> 


614 


+ 42 29.14 


19.679 + 66 


- 90 


74 89 2.8 


-33 + 2 


+ 2 


- 6 




615 


+ 6 49 46.68 


+ 19.742 + 63 


- 43 


70 44 2.0 


- 43 - 2 


__ 


_ 




617 


+45 64 68.78 


19.483 + 42 


- 422 


70 67 3.7 


- 14 - 1 


+46 


+ 3 




618 


+ 56 3.09 


19.487 + 41 


- 439 


69 128 4.0 


- 30 - 3 


+ 2 


- 7 




619 


+ 77 4 27.30 


20.088 + 29 


+ 168 


66 166 7.6 


+ 1 


+29 


+ 10 




620 


- 3 19 3.30 


19.996 + 26 


+ 60 


66 26 1.4 


- 


- 


- 




623 


- 4 6 38.80 


+ 19.972 + 4 


- 67 


64 32 1.6 


- 19 - 1 





_ 




624 


+ 6 18 34.71 


19.931 + 3 


- 109 


74 144 4.6 


- 35 - 2 


- 9 


- 9 




626 


- 3 35 3.29 


20.032 - 2 


- 13 


65 26 1.6 


_ — 


- 


— 




626 


- 6 34 11.45 


20.011 - 2 


- 34 


68 32 1.8 


-12 + 3 


— 


— 


r^ ^ 


(527 


-17 63 33.79 


20.038 - 6 


- 9 


72 34 1.4 


-1 + 5 


- [ 


Digitiz€ 


dbyVjC 
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Second Section — (Declination, —21 


• 60' to -82°). 








No. 


Name and Magnitude 


R.A. 1900 


Ann. V. and Sec. V. 


1 

fi and 100 J/i \ Ep. 


and Wt. 


B — N 

Jo J/l 


B — A 

Jo J|U , 














.0001 


.0001 

8 


.0001 T 

B 1 


p. p. 




.001 .0001 

B 8 


.001 .0001 i 






M 


h m • 


8 




8 


s s 


4 


€ Phoenicis 


3.8 


4 20.246 


+ 3.0569 





288 


+ 110 


- 1 ! 72 


7 0.2 


+ 


60 +14 


+ 65+9 


8 


^ Tucanae 


4.3 


14 51.687 


3.1544 





664 


+ 2718 


-55 72 


8 0.3 


t 


213 -32 


+ 5 +20 , 


9 


t Sculptoris 


6.4 


16 29.816 


3.0217 





135 


+ 38 


81 


17 0.3 




_ — 


- _ 


10 


p Hydri 


2.9 


20 30.041 


3.2218 


-1481 


+ 7025- 


-321 . 66 


39 0.8 





21—2 


+ 65 +34 


11 


a Phoenicis 


2.4 


21 20.554 


2.9750 


— 


228 


+ 179 


- 2 1 67 


. 7 0.4 


~ 


6-9 


+ 75 + 6 ' 


13 


/3* Tucanae 


4.5 


26 57.738 


+2.7701 


_ 


443 


+ 125 


- 3 68 


6 0.2 


4- 


8+8 


1 


27 


a Sculptoris 


4.3 


63 47.311 


2.8949 





99 


+ 13 





79 


27 0.9 


H- 


89 +30 


+ 116 +40 


31 


/3 Phoenicis 


3.4 


1 1 37.337 


2.6841 





179 


- 41 





64 


9 0.4 


+ 107 +16 


+ 79 +15 


35 


^ Phoenicis 


4.1 


1 4 10.979 


2.5304 





219 


+ 12 





68 


7 0.3 




_ — 


- _ 


40 


y Phoenicis 


3.3 


1 24 1.414 


2.6100 


— 


125 


- 24 


- 1 


61 


9 0.4 


+ 


44+4 


+ 82 +26 


43 


8 Phoenicis 


3.9 


1 27 5.334 


+ 2.5034 


__ 


133 


+ 134 


- 1 


61 


8 0.4 




_ _ 


+ 85 +16 


45 


a Eridani 


0.6 


1 33 59.459 


2J2395 





129 


+ 116 


- 2 ' 60 


23 0.7 


+ 


40 +12 


+ 82 +21 


50 


c Sculptoris 


5.4 


I 40 57.761 


2.8114 





38 


+ 115 


- 1 1 79 


18 0.5 


+ 152 +6,S 


+ 70 +25 


56 


X Eridani 


3.6 


1 62 3.983 


2.3382 





97 


+ 725 


- 6 71 


7 0.3 




- 


+ 128 +54 


58 


a Hydri 


3.0 


1 55 37.070 


1.8896 


— 


33 


+ 360 


- 5 ! 64 


14 0.4 


+ 220 +73 


-2+7 


64 


<^ Eridani 


3.7 


2 12 56.221 


+ 2.1444 


_ 


45 


+ 87 


- 1 i 67 


7 0.3 


+ 


71 +25 


+ 72 +18 


66 


K Fornacis 


5.4 


2 17 68.022 


2.7462 





1 


+ 141 


- 1 83 


17 0.2 


+ 


38+3 


+ 71 +16 


67 


8 Hydri 


4.2 


2 19 68.098 


1.0544 


+ 


290 


- 94 


+ 3 1 65 


7 0.2 


+ 


41+4 


+ 84 +27 


72 


€ Hydri 


4.2 


2 38 2.982 


0.9089 


+ 


334 


+ 170 


- 3 1 66 


7 0.3 




— _ 


+ 52 +26 


77 


fi Fornacis 


4.2 


2 44 64.362 


2.5114 


— 


4 


+ 72 


+ 1 1 86 


16 0.4 


+ 


52-8 


+ 66 +21 


80 


0^ Eridani 


3.1 


2 54 28.206 


+ 2.2741 


__ 


2 


- 51 


+ 1 


67 


9 0.3 


_ 


54 -26 


+ 134 +24 ' 


83 


Br. 434 


4.1 


2 57 58.982 


2.6443 


H- 


17 


- 107 





85 


22 0.7 





2-3 


+ 69 +17 1 


87 


$ Hydri 


5.4 


3 2 2.846 


0.0927 


-h 


715 


+ 66 





72 


15 0.3 


+ 145 +32 


+ 100 +37 


89 


a Fornacis 


4.0 


3 7 49.396 


2.5476 


-H 


18 


+ 261 


+ 3 


75 


24 0.8 


+ 


33 +11 


+ 66 +17 


91 


Br. 469 


4.0 


3 15 4.113 


2.6675 


-f 


26 


+ 37 





80 


20 0.7 




- 


- 


97 


Br. 495 


4.3 


3 29 22.266 


+ 2.6492 


-t- 


30 


+ 36 





75 


15 1.1 


+ 


81 +13 


+ 67 +17 


98 


L1161 


4.5 


3 33 30.417 


2.1528 


-H 


23 


- 1 





70 


7 0.3 




_ _ 


+ 99 +25 , 


102 


L1198 


4.4 


3 39 7.686 


2.2237 


H- 


23 


- 69 





75 


7 0.2 




_ _ 


_ - 


104 


Br. 530 


4.3' 


3 42 32.733 


2.5801 


-h 


26 


- 115 


- 3 1 79 


19 0.7 


+ 


6 - 1 


+ 68 +16 


106 


L1248 


4.2 


3 45 42.721 


2.2447 


-f 


25 


- 36 





81 


8 0.2 


— 


39 


+ 25 + 15 


108 


y Hydri 


3.2 


3 48 47.092 


-0.9783 


+ 1070 


+ 125 


+ 6 


67 


31 0.6 


+ 


51 +30 


+ 108 +48 


109 


L1275 


6.3 


3 49 50.332 


+2.2851 


-h 


26 


+ 25 





85 


9 0.2 


+ 


92 +18 


- - 


113 


8 Reticuli 


4.3 


3 57 9.639 


0.9390 


+ 


195 


- 9 





66 


7 0.3 


+ 


44 +11 


+ 59 +21 


120 


a Horologii 


3.8 


4 10 41.285 


1.9867 


+ 


35 


+ 39 


- 2 


68 


6 0.3 





5-2 


+ 95 +31 


121 


a Reticuli 


3.4 


4 13 8.132 


0.7623 


+ 


214 


+ 53 


+ 1 i 64 


8 0.4 


+ 


42+6 


+ 58 +19 

1 


122 


y Doradus 


4.3 


4 13 24.362 


+ 1.5680 


-f 


79 


+ 103 


+ 2 


67 


6 0.3 




_ _ 


+ 87 +29 


125 


L1441 


3.9 


4 20 16.846 


2.2622 


+ 


33 


+ 50 





83 


17 0.5 


+ 


2-2 


+ 43 +11 


126 


Tj Reticuli 


5.2 


4 20 48.401 


0.6381 


4- 


236 


+ 123 


+ 4 


69 


7 0.3 




_ _ 


+ 49 +17 


129 


a Doradus 


3.6 


4 31 50.134 


1.2931 


-h 


97 


+ 66 





64 


8 0.4 


+ 


24-1 


+ 61 +26 


131 


a Caeli 


4.5 


4 37 20.406 


1.9310 


-h 


40 


- 132 


- 1 


63 


8 0.3 


+ 


86 +16 


+ 68 +13 


132 


p Caeli 


5.2 


4 38 31.323 


+2.1195 


+ 


39 


+ 29 


+ 2 


77 


7 0.3 




_ _ 


— — 1 


141 


€ Leporis 


3.4 


5 1 13.666 


2.5383 


-f 


32 


+ 16 





73 


54 1.3 


+ 


4+4 


+ 14 - 4 , 


151 


€ Columbae 


3.9 


6 27 39.784 


2.1297 


+ 


28 


+ 27 


- 1 


80 


10 0.4 




_ — 


+ 46+7 


, 157 


a Columbae 


2.7 


6 36 1.688 


2.1720 


+ 


27 


+ 5 





68 


48 1.5 


+ 


8-1 


+ 65 +14 


159 


P Columbae 


3.2 


5 47 26.081 


2.1137 


+ 


33 


+ 41 


+ 4 


78 


17 0.8 


+ 


61 +13 


+ 67 +18 


163 


y Columbae 


4.5 


6 53 59.506 


+ 2.1266 


-H 


24 








80 


15 0.6 


+ 


4+4 


_ _ 


164 


L2137 


6.4 


6 1 35.771 


1.7264 


+ 


30 


- 78 


+ 3 


69 


6 0.2 


+ 


24 +10 


+ 44+4 


166 


K Columbae 


4.6 


6 12 69.674 


2.1340 


-h 


21 


- 3 


+ 1 70 


8 0.3 


+ 


24 7 


+ 23+10 


167 


f Can. Maj. 


3.2 


6 16 28.474 


' 2.3030 


-h 


18 


+ 9 


1 79 


21 0.9 


4- 


74 +14 


+ 48 +11 


170 


a Carinae 


-1.0 


6 21 43.911 


; 1.3315 


-f 


9 


+ 19 


. 60 


27 0.7 


— 


13 - 3 


+ 47+7 


172 


Br. 972 


4.6 


6 30 51.913 


+ 2.5142 


-t- 


15 


!+ 9 


; 78 


18 0.7 


_ 


7 -13 


+ 23+8 


174 


V Puppis 


3.2 


6 34 42.144 


1.8366 


-f- 


12 


+ 9 


' 60 


9 0.4 


— 


16+1 


+ 66 +16 


177 


' K Can. Maj. 


3.9 


6 46 6.354 


2.2407 


+ 


15 


- 8 


i 76 


16 0.6 


1 


_ _ 


+ 29+7. 


, 178 


a Pictoris 


3.3 


6 47 9.946 


0.6186 





60 


- 104 


+ 7 ' 65 


9 0.3 


1 — 


24+2 


+ 43 +22 


180 


1 c Can. Maj. 


1.7 


6 54 41.753 


1 2.3578 


+ 


13 


+ 4 


1 69 


72 1.9 


bittzeybt^ 
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Second Section 


— (Declination, -21° 50' 


to -82°). 








1 














B — N 


B- 


-A 




No. 


Decl. 1900 


Ann. V. and Sec. V. 


/*'' 


ind 100 Jn' 


Ep. and Wt. 


J8 J^' 


J8 


J/i' 










.001 




.001 .001 


T p, p.. 


.01 .001 


.01 


.001 




4 


-46° 17 57'.17 


+ 19'.856 


- 17 


_ 


187 


73 9 0.3 


-2 + 6 


+31 


+'l8 




8 


-65 27 44.92 


21.167 


- 38 


+1162 - 3 


74 11 0.3 


-103 -10 


+ 66 


+ 16 




9 


-29 32 4.23 


19.919 


- 41 





76 


81 12 0.2 


_ — 


— 


— 




10 


-77 49 2.71 


20.285 


- 50 


+ 


318 + 2 


68 40 0.8 


+ 16 


+69 


+ 7 




11 


-42 50 56.80 


19.569 


- 49 


— 


401 


63 11 0.6 


-20 + 2 


+ 6 


+ 2 




! 13 


-63 30 32.88 


+ 19.862 


- 56 


__ 


66 


69 9 0.3 


- 4 - 1 


_ 


_ 




1 27 


-29 53 62.63 


19.493 


-106 


— 


4 


78 20 0.9 


+ 15 + 9 


- 1 


+ 11 




31 


-47 15 15.71 


19.313 


-112 





14 


66 11 0.5 


+ 32 +11 


-14 


- 5 




1 3^ 


-55 46 49.47 


19.284 


-111 


-h 


18 


72 9 0.3 


_ _ 


— 


_ 




40 


-43 49 50.03 


18.499 


-144 


- 


216 


64 11 0.5 


+ 32 + 9 


-29 


-11 




43 


-49 35 32.48 


+ 18.769 


-144 


+ 


162 - 1 


67 8 0.3 


_ _ 


- 5 


- 6 




45 


-67 44 40.94 


18.358 


-139 





26-1 


64 24 0.6 


+ 37 +14 


+35 


+ 9 




50 


-25 33 8.33 


18.081 


-183 





62-1 


71 18 0.6 


- 38 - 1 


+30 


+ 14 




56 


-52 6 24.10 


17.977 


-173 


+ 


279 - 6 


76 8 0.2 


— — 


+ 48 


+ 19 




58 


-62 3 22.76 


17.691 


-144 


-h 


41-2 


65 15 0.5 


-h 22 -1-15 


+ 74 


+ 27 




64 


-61 58 30.16 


+ 16.740 


-179 


__ 


28 


67 10 0.4 


-t- 4 -h 1 


+20 


+ 6 




66 


-24 16 14.36 


16.460 


-234 





63-1 


68 18 0.4 


-h 19 -hl4 


- 2 


- 7 




67 


-69 6 52.03 


16.438 


- 94 


+ 


16 + 1 


68 9 0.3 


- 16 - 5 


+ 26 


+ 4 




72 


-68 41 43.49 


16.481 


- 93 


+ 


15-2 


68 8 0.3 


_ — 


+42 


+ 13 




77 


-32 49 33.60 


16.227 


-249 


+ 


149 - 1 


80 14 0.5 


- 44 - 6 


-43 


- 3 




80 


-40 42 19,02 


+ 14.643 


-235 


+ 


30 + 1 


66 10 0.4 


+ 11+6 


-20 


- 4 




83 


-24 59.09 


14 257 


-275 





42 + 1 


69 19 0.8 


-39 + 1 


- 7 


+ 4 


T* Eridani 


87 


-72 17 34.67 


14.074 


- 17 


+ 


26 - 1 


74 18 0.3 


+ 5 +12 


+ 71 


+26 




89 


-29 22 52.43 


14.330 


-280 


+ 


647 - 3 


74 21 0.9 


+ 6 +10 


-13 


- 1 




91 


-22 7 18.42 


13.254 


-297 


+ 


41 


70 19 0.6 


- 


- 


- 


T* Eridani 


97 


-21 58 5.34 


+ 12.226 


-311 


_ 


21 


77 14 0.9 


+ 19 +18 . 


-21 


- 2 


T* Eridani 


98 


-40 36 9.67 


11.931 


-257 





28 


71 8 0.3 


_ _ 


-50 


-14 


y Eridani 


i 102 


-37 37 45.04 


11.476 


-269 


__ 


86 + 1 


69 8 0.3 


— _ 


_ 


_ 


h Eridani 


104 


-23 32 42.20 


10.791 


-314 





624 + 1 


71 17 0.5 


-179 -43 


-36 


- 9 


T* Eridani 


106 


-36 30 10.86 


11.040 


-277 


— 


46 


77 9 0.3 


- 40 -17 


+ 20 


+ 3 


g Eridani 


108 


-74 32 43.81 


+ 10.976 


+ 113 


+ 


116 - 2 


68 31 0.6 


- 8 - 2 


+59 


+ 11 




109 


-35 1 40.78 


10.763 


-286 





20 


76 9 0.3 


- 17 - 3 


_ 


_ 


i Eridani 


113 


-61 40 57.48 


10.216 


-122 





23 


70 8 0.3 


-128 -20 


-12 


- 1 




120 


-42 32 27.14 


8.990 


-262 





213 - 1 


68 8 0.4 


+ 72 +17 


+ 24 


+10 




121 


-62 43 26.75 


9.066 


-104 


+ 


54 - 1 


68 11 0.4 


+ 6 +10 


+ 6 


+ 4 




122 


-51 44 19.89 


+ 9.170 


-210 


+ 


179 - 1 


70 8 0.3 


^ _ 


+36 


+ 15 




126 


-34 14 56.30 


8.604 


-302 


+ 


54-1 


76 13 0.6 


+ 21 +12 


- 8 


+ 2 


S Eridani 


126 


-63 37 26.34 


8.579 


- 90 


+ 


171 - 2 


71 8 0.3 


_ _ 


+ 49 


+26 




129 


-55 15 6.00 


7.520 


-179 





3-1 


67 9 0.4 


+ 32 + 8 


+ 18 


+ 6 




131 


-42 3 16.82 


6.986 


-266 


— 


89 + 2 


68 8 0.3 


+ 64 +18 


-25 


— 7 




132 


-37 20 23.08 


+ 7.162 


-294 


+ 


184 


68 6 0.2 


_ 


_ 


_ 




141 


-22 30 18.90 


5.020 


-360 


_ 


66 


73 37 1.0 


+ 17-1 


+ 1 


+ 3 




151 


-35 32 37.81 


2.770 


-309 





49 


73 10 0.4 


_ _ 


-19 


- 2 




, 157 


-34 7 38.59 


2.056 


-316 





37 


69 40 1.2 


-12 + 1 


- 2 


- 3 




159 


-35 48 21.19 


1.494 


-308 


-H 


396 - 1 


71 16 0.8 


+ 6 + 7 


-20 


-12 




163 


-35 17 38.33 


+ 0.521 


-310 




6 


74 13 0.6 


- 20 -11 


__ 


_ 




164 


-45 2 10.18 


+ 0.093 


-250 


-f 


233 + 1 


70 7 0.3 


+ 71 + 8 


+ 1 


- 2 


1 GPup. 


166 


-35 6 25.69 


- 1.059 


-310 


-f 


77 


67 10 0.4 


+ 51 +12 


+42 


+ 10 




167 


-30 1 8.15 


1.443 


-334 





3 


79 20 0.9 


+ 52 +20 


-67 


-20 




170 


-62 38 27.56 


- 1.884 


-193 


+ 


14 


63 24 0.7 


+ 9 + 6 


+20 


+ 7 


Argus 


172 


-22 53 7.45 


- 2.671 


-362 


+ 


21 


69 20 0.6 


-128 -14 


+ 12 


+ 1 


^C.Maj. 


174 


-43 6 29.68 


3.042 


-264 


— 


18 


62 11 0.6 


-22 + 1 


-14 


- 2 


Argus 


177 


-32 23 34.35 


4.000 


-318 


+ 


6 


75 13 0.6 


— - 


-39 


-11 




178 


-61 50 1.76 


3.834 


- 85 


+ 


262 + 1 


71 8 0.2 


+ 42 +25 


-38 


-14 


L . Pi 


180 


-28 50 9.33 


4.740 


-332 


— 


1 


70 50 1.3 


- 23 - 4 


- 6 


+ ,giti: 


ledby VjI 
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Second Section — (Declination, —21** 50' to —82**). 

























B— N 




B-A 1 


No. 


Name and Magnitude 


R.A. 1900 


Ann. V. and Sec. V 


/i and 100 J/i 


Ep. 


and Wt. 


Ja J^ 


Ja J/< 1 












.0001 


.0001 


.0001 


T 


V- P- 




.001 .0001 


, 


001 .0001 


181 


<r Can. Maj. 


3.9 


ta m t 

6 57 44.132 


+2!'3896 


+ '12 


s 

- 7 


• 



80 


16 0.8 


+ 


• • 

6 - 1 


' 


• 


184 


8 Can. Maj. 


2.1 


7 4 19.627 


2.4393 


+ 11 


- 2 





74 


47 1.3 


+ 


43 +13 


+ 


32+7 


187 


■K Puppis 


2.7 


7 13 36.686 


+2.1191 


+ 10 


- 6 





71 


17 0.9 


+ 


26+3 


+ 


64 +11 


189 


8 Volantis 


3.9 


7 16 52.910 


-0.0170 


- 262 


- 10 





65 


8 0.2 


, 


350 -14 





16+4 


191 


1/ Can. Maj. 


2.4 


7 20 8.376 


+2.3726 


+ 11 


— 7 





74 


27 1.3 


— 


43 -10 


+ 


20-2 


194 


a Puppis 


3.5 


7 26 3.630 


+ 1.9034 


+ 8 


- 55 


+ 2 


69 


7 0.2 


-h 


60 +17 




_ 


197 


Br. 1120. 


4.1 


7 39 47.626 


2.4079 


+ 12 


- 6 





81 


16 0.5 




_ _ 


+ 


36+7 


198 


L2958 


3.4 


7 41 41.496 


2.1365 


+ 12 


- 21 





76 


8 0.3 




_ _ 


+ 


66 +20 


201 


X Carinae 


3.6 


7 64 14.197 


1.5271 


— 30 


— 36 





64 


8 0.6 





3+8 


+ 


60 +15 


203 


{ Puppis 


2.3 


8 4.186 


2.1081 


+ 13 


- 28 





72 


14 0.8 


+ 


26 +16 


+ 


30+2 


204 


p Puppis 


2.9 


8 3 17.118 


+2.5645 


+ 10 


- 65 





70 


83 2.3 


+ 


9 


+ 


20 


206 


y Velorum 


1.9 


8 6 27.093 


1.8501 








• 


61 


12 0.6 


__ 


7+3 


+ 


67 +20 


207 


L3259 


4.5 


8 14 48.730 


2.2445 


+ 21 


- 96 





71 


9 0.5 




_ _ 


+ 147 +37 


208 


e Carinae 


1.7 


8 20 27.750 


1.2360 


- 90 


- 34 





68 


12 0.6 


-h 


20+9 


+ 


17+7 


211 


)3 Pyxidis 


3.9 


8 36 11.270 


2.3475 


+ 28 


+ 7 





82 


9 0.5 




- 


— 


3+ 6 j 


216 


8 Velorum 


2.0 


8 41 56.569 


+ 1.6579 


- 20 


+ 23 


- 1 


66 


10 0.5 


+ 149 +58 


+ 


88+18 


218 


L3639 


6.1 


8 54 31.676 


1.4712 


- 53 


- 12 





63 


8 0.3 


+141 +22 




_ _ 


222 


X Velorum 


2.1 


9 4 19.074 


2.2049 


+ 45 


- 21 





64 


11 0.5 


+ 


24-6 


+ 106 +30 1 


225 


j8 Carinae 


2.0 


9 12 6.251 


0.6763 


- 357 


- 300 


- 2 


64 


21 0.7 


+ 


16 +10 


+ 


35 +19 


227 


( Carinae 


2.2 


9 14 24.768 


1.6059 


- 23 


- 40 





64 


20 0.6 


+ 


49 +15 


+ 


33 +11 


229 


e Pyxidis 


5.1 


9 17 3.953 


+ 2.C541 


+ 35 


- 15 





77 


17 0.5 


+ 139 +33 


+ 


61 +13 


230 


K Velorum 


2.6 


9 19 1.011 


1.8563 


+ 27 


- 18 





71 


8 0.4 


+ 


31 +15 


+ 


86 +27 


234 


^ Velorum 


3.5 


9 26 46.692 


2.3599 


+ 64 


- 165 


- 1 


78 


12 0.4 


+ 112 +15 


+103 +26 1 


238 


V Carinae 


3.0 


9 44 36.165 


1.5019 


- 47 


- 21 


- 1 


65 


11 0.4 


__ 


5+4 


+ 


63+18 


241 


^ Velorum 


3.7 


9 63 21.087 


2.1014 


+ 94 


- 21 





73 


9 0.3 


+ 


44 +12 


+ 


58 +15 


246 


L4212 


4.0 


10 10 32.242 


+2.5116 


+ 118 


- 149 


- 2 


68 


7 0.3 


+ 


62+4 


+ 


75 +23 


248 


<a Carinae 


3.6 


10 11 21.651 


1.4316 


- 73 


- 55 





72 


10 0.3 




__ _ 





50 -14 


254 


L4319 


4.0 


10 22 24.645 


1.1994 


- 222 


- 66 


- 1 


73 


10 0.2 




_ 


+ 


53+26 


265 


«e Antliae 


4.2 


10 22 34.568 


2.7418 


+ 97 


- 61 





77 


20 0.6 


+ 


63+9 


+ 


90+25 


269 


9 Carinae 


3.0 


10 39 23.280 


2.1304 


+ 201 


- 32 


- 1 


60 


9 0.5 


+ 


20 +10 


+ 


43 +18 


260 


i; Carinae 


Var. 


10 41 10.840 


+2.3180 


+ 220 


+ 4 





61 


18 0.5 


+ 


35+6 


+ 


56+17 


261 


/A Velorum 


2.8 


10 42 28.020 


2.5692 


+ 197 


+ 62 





71 


9 0.4 





10 -14 


+ 


14-3 


265 


L4515 


4.1 


10 49 25.713 


2.4219 


+ 251 


+ 60 


+ 1 


70 


7 0.2 




_ _ 





50 -10 


272 


yS Crateris 


4.5 


11 6 44.348 


2.9461 


+ 99 


- 1 





76 


32 1.5 


+ 


23-1 


+ 


40 +11 


278 


IT Centauri 


4.4 


11 16 26.723 


2.7219 


+ 308 


- 37 


- 1 


67 


6 0.3 




- 


+ 


47 +14 


284 


i Hydrae 


3.6 


11 28 4.967 


+2.9440 


+ 166 


- 155 


- 1 


78 


21 0.7 


+ 


30+3 


+ 


37 +15 


285 


X Centauri 


3.3 


11 31 10.039 


2.7452 


+ 451 


- 54 


- 1 


71 


8 0.4 


+ 


99 +18 


+ 


89 +29 


294 


8 Centauri 


2.8 


12 3 10.461 


3.0904 


+ 382 


- 41 





68 


10 0.6 


+ 


61+9 


+ 


48 +10 


296 


a Corvi 


4.2 


12 3 16.253 


3.0869 


+ 156 


+ 60 


+ 1 


70 


18 1.2 




_ _ 




__ »_ 


296 


£ Corvi 


3.2 


12 4 58.846 


3.0794 


+ 143 


- 47 





71 


66 1.2 


+ 


4+4 


+ 


44 +14 


297 


p Centauri 


4.2 


12 6 25.422 


+3.1163 


+ 410 


- 47 


- 1 


72 


6 0.3 




_ 




_ _ 


299 


8 Crucis 


3.1 


12 9 49.966 


3.1690 


+ 532 


- 58 


- 1 


68 


9 0.4 


' 


184 -79 


+ 


17+8 


302 


j8 Chamael. 


4.3 


12 12 28.462 


3.4221 


+ 1865 


- 160 


- 8 


66 


28 0.6 


+ 


39 +27 





35+11 


306 


t Crucis 


3.5 


12 16 57.695 


3.2090 


+ 685 


- 234 


- 4 


71 


5 0.3 




_ _- 


+ 


48 +13 


309 


y Crueis 


1.6 


12 25 36.988 


3.3001 


+ 550 


+ 21 


+ 1 


68 


9 0.5 


+ 


68 +49 


+ 


17-2 


311 


j8 Corvi 


2.7 


12 29 7.981 


+3.1437 


+ 165 








69 


95 2.6 


+ 


30+7 


+ 


43 +12 


313 


y Centauri 


2.4 


12 35 69.977 


3.2878 


+ 417 


- 201 


- 2 


68 


10 0.5 





13-6 


+ 


54 +12 


314 


^ Crucis 


1.5 


12 41 52.511 


3.4722 


+ 660 


- 66 


- 1 


60 


12 0.6 





9-2 





2+3 


319 


8 Muscae 


3.6 


12 55 23.208 


4.0537 


+ 1426 


+ 520 


+ 15 


74 


13 0.3 


+ 


28 +26 


+ 


15 +26 


325 


( Centauri 


3.0 


13 14 68.440 


3.3583 


+ 303 


- 282 


- 2 


75 


16 0.9 


+ 


90 +12 


+ 


60 +19 


329 


L5569 


4.0 


13 25 14.630 


+ 3.4629 


+ 342 


- 12 





70 


9 0.3 




_ 


+ 


82 +24 


331 


« Centauri 


2.6 


13 33 32.950 


3.7716 


+ 592 


- 37 





67 


10 0.5 


+ 


20+3 


+ 


36+7 


336 


(; Centauri 


2.8 


13 49 17.963 


3.7194 


+ 471 


- 61 





69 


10 0.5 


+ 


23+9 


+ 


77 +23 


338 


^ Centauri 


0.8 


13 66 46.799 


4.1931 


+ 848 


- 33 





64 


24 0.9 





29+1 


+ 


36 +221 


339 


B Centauri 


2.2 


14 47.742 


3.5155 


+ 318 


- 431 





75 


18 0.8 L 
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Second Section — 


(Declination, -21° 50' 


to - 


82") 


. 








1 


















B- 


■N 


B- 


-A 




No. 


Decl. 1900 


Ann. V. and Sec. V. 


^' 


Bind 100 J/i' 


Ep. and Wt. 


J8 


J^' 


J8 


J/x' 










.001 




.001 


.001 


T ps p.. 




.01 


.001 


.01 


.001 






O / B 


if 


« 




n 


a 






ir 





# 


K 




181 


-27 47 29.62 


- 5.000 


-335 





3 





79 16 0.7 





43 


- 6 








I 184 


-26 14 3.91 


5.555 


-339 





2 





76 43 1.3 





37 


- 5 


-30 


- 5 




1 187 


-36 56 4.29 


6.328 


-290 


+ 


1 





67 16 0.8 


+ 


49 


+10 


+ 1 


- 4 


Argus 


189 


-67 46 26.76 


6.600 


+ 5 










71 9 0.2 


+ 


28 


+ 6 


+33 


+ 15 




191 

1 


-29 6 28.78 


6.865 


-322 


+ 


3 





74 22 1.1 


— 


27 


- 4 


-21 


- 6 




194 


-43 6 66.19 


- 7.174 


-254 


+ 178 


+ 1 


67 10 0.4 




39 


- 2' 


_ 


_ 


Argus 


197 


-28 42 66.60 


8.466 


-315 





10 





81 14 0.4 




_ 


_ 


-24 


- 7 


I Puppis 


198 


-37 43 33.01 


8.616 


-277 





10 





70 10 0.4 




_ 


^ 


- 1 


- 6 


c Puppis 


201 


-62 42 60.60 


9.566 


-191 


+ 


18 





68 10 0.6 


+ 


22 


+ 12 


+ 16 


+ 4 


Argus 


203 


-39 43 16.97 


10.021 


-261 


+ 


8 





68 14 0.8 


+ 


24 


+ 13 


- 8 


- 2 


Aigus 


204 


-24 67.37 


-10.226 


-315 


+ 


45 


.+ 1 


71 64 1.8 


_ 


36 


- 7 


-37 


- 6 


Argus 


206 


-47 2 30.64 


10.507 


-225 


+ 


1 





63 15 0.7 


+ 


8 


+ 12 


+41 


+14 


Argus 


207 


-36 20 57.69 


11.035 


-266 


+ 


89 


+ 1 


71 11 0.4 




_ 


_ 


+22 


+ 7 


q Puppis 


208 


-69 11 15.60 


11.619 


-142 


+ 


13 





62 13 0.6 





5 


+ 6 


+11 


+ 11 


Argus 


211 


-34 67 12.04 


12.649 


-261 


— 


20 





73 8 0.4 




- 


■- 


+ 7 


+ 7 




j 215 


-64 20 31.77 


-13.109 


—179 


_ 


94 





69 13 0.5 




61 


+ 6 


+24 


+ 4 


Argus 


' 218 


-68 60 35.77 


13.836 


-^149 





3 





66 9 0.3 


+ 


20 


+ 16 


__ 


_ 


^ Carinae 


222 


-43 I 43.71 


14.435 


-217 


+ 


6 





66 14 0.6 


+ 


19 


+ 11 


-18 


- 1 


Argus 


225 


-69 18 18.89 


14.804 


- 67 


+ 100 


+ 3 


67 23 0.8 


+ 


8 


+ 7 


+34 


+ 10 


Argus 


227 


-68 51 20.27 


16.034 


-148 


+ 


4 





67 19 0.6 


— 


46 


- 2 


-10 


+ 8 


Argus 


229 


-26 32 23.19 


-15.199 


-246 


__ 


9 





74 17 0.6 


+109 


+23 





+ 3 




230 


-54 36 0.82 


16.301 


-168 










70 11 0.6 


+ 


38 


+19 


-30 


-11 


Argus 


1 234 


-40 144.14 


16.674 


-206 


+ 


57 


+ 1 


76 12 0.4 


+ 


28 


+18 


-68 


-23 


Argus 


238 


-64 36 28.87 


16.644 


-115 


-h 


6 





67 16 0.6 


+ 


36 


+22 


+ 2 


- 2 


Argus 


1 241 


-54 6 30.36 


17.066 


-163 


— 


3 





71 12 0.4 


+ 


11 


+ 18 


- 3 


+ 1 


Argus 


246 


-41 37 36.32 


-17.771 


-160 


-h 


32 


+ 1 


67 9 0.3 




38 





-70 


-23 


q Velor. 


248 


-69 32 28.70 


17.838 


- 87 





2 





74 14 0.4 




_ 


^ 


+ 6 


- 4 


Argus 


254 


-73 31 21.33 


18.276 


- 64 





19 


+ 1 


74 14 0.3 




_ 


__ 


+ 23 


+ 8 


I Carinae 


255 


-30 33 31.27 


18.270 


-157 





7 





75 18 0.7 


+ 


20 


+16 


-56 


-13 




259 


-63 52 13.63 


18.804 


- 99 


+ 


16 





67 11 0.5 


+ 164 


+42 


+42 


+ 19 


Argus 


260 


-59 9 31.20 


-18.869 


-106 


-H 


4 





63 19 0.6 


+ 


23 


+ 13 


-18 


- 9 


Argus 


261 


-48 53 30.48 


18.972 


-117 





61 





73 11 0.4 


+ 


43 


+20 


+ 8 


- 3 


Argus 


265 


-58 19 19.23 


19.079 


- 99 


-h 


26 





69 9 0.3 




_ 


__ 


-12 


+ 1 


u Carinae 


272 


-22 16 47.40 


19.606 


- 91 





98 





76 24 1.0 


+ 


43 


+ 8 


-18 


- 3 




278 


-53 56 34.97 


19.700 


- 67 


— 


14 





67 9 0.4 




- 


- 


-16 


+ 1 




284 


-31 18 16.71 


-19.911 


- 61 


_ 


68 





76 17 0.7 




19 


- 4 


-49 


-15 




285 


-62 27 69.21 


19.901 


- 42 





13 





75 10 0.4 


+ 


6 


+ 14 


+48 


+ 12 




294 


-50 9 55.66 


20.061 


+ 15 





16 





69 13 0.6 


+ 


29 


+ 14 


+ 14 


+ 10 




295 


-24 10 15.97 


20.094 


+ 16 





49 





70 14 0.9 




_ 


_ 


— 


— 




296 


-22 3 49.07 


20.039 


+ 18 


+ 


3 





70 40 0.9 


— 


12 





-64 


-17 




297 


-61 48 41.94 


-20.060 


+ 22 


_ 


21 


9 


74 8 0.2 








_ 


_ 




299 


-58 11 33.83 


20.054 


+ 28 





26 





69 12 0.5 


+ 


40 


+ 13 


-36 


-13 




302 


-78 45 25.04 


20.006 


+ 36 


+ 


11 





69 29 0.7 





6 


- 6 


+24 


- 3 




306 


-69 50 64.63 


19.909 


+ 41 


+ 


89 





72 7 0.3 




_ 


_ 


+42 


-f 9 




309 


-66 33 11.85 


20.196 


+ 62 


i 


273 





69 12 0.5 


— 


62 


-13 


+ 10 


- 2 




311 


-22 50 37.48 


-19.946 


+ 67 


_ 


60 





70 69 2.1 




7 


+ 2 


-22 


- 3 




313 


-48 24 38.25 


19.818 


+ 83 





18 





69 12 0.6 


+ 


2 


+ 2 


+ 6 


+ 7 




314 


-69 8 31.51 


19.737 


+ 100 





24 





65 15 0.7 


+ 


9 


+ 9 


+ 4 


4- 6 




319 


-71 33.96 


19.491 


+ 152 





27 


+ 2 


74 16 0.4 







+ 6 


+ 21 


-H 4 




325 


-36 11 5.66 


19.080 


+ 164 


— 


96 


- 1 


74 16 0.8 


— 


37 





+ 1 


-H 3 




329 


-38 63 27.13 


-18.703 


+ 192 


_ 


27 





69 10 0.4 






_ 


- 9 


- 9 


B Centauri 


331 


-52 67 28.79 


18.428 


+ 226 





28 





70 11 0.5 


__ 


2 


+ 11 


+ 2 


-h 8 




335 


-46 47 45.73 


17.861 


+256 





61 





70 11 0.5 


+ 


18 


+ 13 


- 9 


- 3 




338 


-69 63 26.04 


17.530 


+306 





29 





69 28 0.8 





15 


+ 4 


+63 


+ 24 


r^ 


339 


-35 52 41.00 


17.853 


+262 


—1 


527 


- 3 


73 15 0.8 


— 


24 


- 3 


-10 


+ .|ltl 
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Second Section - 


-(Declination, -21" 50 


'to - 


-82°). 








No. 


Name and Magnitude 


R.A. 1900 


Ann. V. and Sec. V. 


fi and 100 J/i 


Ep. 


and Wt. 


B — N 

Ja J// 


B — A 

Ja Jm 














.0001 


.0001 .0001 


T 


p. p. 


.001 .0001 




001 .0001 


351 


T) Centauri 


M 

2.5 


tarns 

14 29 9.335 


+ 3*7915 


+ 


390 


• • 

- 27 


66 


8 0.4 


+*16 +*6 


+' 


26 +*10 


352 


a Lupi 


2.5 


14 35 16.616 


3.9677 


+ 


473 


- 18 


68 


7 0.4 


+ 56 +23 


+ 


49 +10 


360 


)8Lupi 


2.7 


14 61 68.778 


3.9092 


+ 


393 


- 50 


65 


8 0.5 


+ 78 +20 


+ 


46+8 


361 


K Centauri 


3.4 


14 52 39.282 


3.8863 


+ 


378 


- 7 


65 


6 0.3 


-122 -11 


+ 


79 +28 


364 


a Librae 


3.6 


14 58 12.925 


3.5018 


+ 


209 


- 56 


73 


32 1.1 


-28+1 


+ 


35 +15 , 


365 


TT Lupi 


3.8 


14 58 18.435 


+ 4.0637 


+ 


451 


- 27 


73 


9 0.3 


_ _ 


+ 


53 +14 


367 


K Lupi 


4.2 


16 4 58.749 


4.1463 


+ 


475 


- 117 


71 


7 0.3 


+ 49+6 




-_ _ 


368 


i Lupi 


3.5 


16 6 6.933 


4.2841 


+ 


548 


- 120 


71 


7 0.3 


+ 13+6 


+ 100 +22 


370 


y Tri. Austr. 


3.0 


16 9 34.190 


5.5348 


+ 1397 


- 106 - 1 


66 


10 0.4 


+ 70 +31 


+ 


34 +21 


381 


c Tri. Austr. 


4.1 


15 27 33.854 


5.4354 


+ 1125 


+ 33+3 


67 


7 0.3 


- 


— 


12 +10 


382 


y Lupi 


3.0 


15 28 28.501 


+ 3.9822 


+ 


331 


- 16 


67 


10 0.6 


+ 11+3 


+ 


85 +32 


394 


P Tri. Austr. 


3.1 


15 46 19.726 


6.2448 


+ 


873 


-284+7 


67 


8 0.4 


-4+7 


+ 


32+8 


397 


p Seorpii 


4.0 


15 50 42.626 


3.6952 


+ 


199 


- 12 


73 


12 0.7 


_ _ 


+ 


51 +18 


399 


TT Seorpii 


3.0 


15 62 48.065 


3.6210 


+ 


178 


- 11 


76 


22 1.1 


+ 7-1 


+ 


50 +14 


401 


tf Lupi 


3.8 


16 53 29.688 


3.9627 


+ 


267 


- 23 


74 


9 0.4 






- 


402 


8 Seorpii 


2.7 


16 64 25.147 


+ 3.5403 


+ 


158 


- 8 


71 


60 2.0 


+ 17 + 4 


+ 


26 + 9 ' 


406 


8 Tri. Austr. 


4.0 


16 6 20.020 


6.4240 


+ 


783 


+ 13 + 1 


69 


4 0.2 


_ _ 


+ 


56 +28 


408 


L6764 


4.2 


16 12 21.328 


4.4701 


+ 


373 


- 180 


73 


8 0.3 


+ 118 +36 


+ 


49 +12 


410 


a Seorpii 


3.0 


16 16 6.539 


3.6396 


+ 


164 


- 8 


73 


41 1.4 


+ 8+3 


+ 


44 +14 


413 


y Apodis 


3.9 


16 18 6.283 


9.0568 


+ 3206 


-386+4 


71 


16 0.4 


+ 47 +23 


+ 161 +54 


416 


« Seorpii 


1.3 


16 23 16.483 


+3.6719 


+ 


149 


- 6 


68 


93 3.4 


+ 40 




_ __ 


417 


L6859 


4.4 


16 24 50.794 


3.9122 


+ 


192 


- 2 


82 


11 0.4 


+ 34+5 


+ 


94 +41 


422 


T Seorpii 


2.8 


16 29 39.363 


3.7279 


+ 


160 


- 8 


72 


36 1.4 


+ 8+5 


+ 


46 +17 


426 


a Tri. Austr. 


1.9 


16 38 4.380 


6.3116 


+ 


889 


+ 40 + 3 


64 


32 0.7 


+ 27 +12 


+ 


18+18 


428 


7) Arae 


3.6 


16 41 8.890 


6.1591 


+ 


446 


+ 42 + 1 


73 


7 0.3 


- 


+ 


65 +30 


429 


€ Seorpii 


2.3 


16 43 41.120 


+ 3.8783 


+ 


161 


-496+1 


76 


19 1.1 


+ 30 +10 


+ 


48+9 


430 


fj} Seorpii 


3.3 


16 46 6.720 


4.0567 


+ 


177 


- 11 


73 


11 0.6 


+ 130 - 7 


— 


20+3 


431 


ft^ Seorpii 


3.7 


16 46 33.669 


4.0547 


+ 


176 


- 18 


78 


7 0.3 




— 


2+6 


432 


{ Arae 


3.0 


16 60 20.688 


4.9485 


+ 


342 


-25 + 1 


71 


8 0.3 


+328 -10 


+ 


64 +32 


433 


c Arae 


4.2 


16 51 36.701 


4.7670 


+ 


294 


- 9 


70 


8 0.3 


+ 31+2 


+ 


60 +19 


438 


rj Seorpii 


3.4 


17 4 59.403 


+4.2891 


+ 


170 


+ 17 + 4 


68 


10 0.4 


+ 33 - 6 


+ 


34+4 


444 


Ophiuehi 


3.3 


17 16 52.058 


3.6811 


+ 


78 


- 1 


71 


70 1.7 


+ 19+5 


+ 


58 +18 


445 


y Arae 


3.4 


17 16 58.542 


6.0393 


+ 


225 


- 5 


65 


8 0.4 


~ _ 


+ 


33 +17 


446 


)3 Arae 


2.7 


17 16 69.163 


4.9766 


+ 


217 


-16 + 1 


67 


8 0.3 


- 19 -12 


+ 


4+2 


447 


Br. 2198 


4.1 


17 20 15.755 


3.6607 


+ 


72 


+ 1 


76 


36 1.1 


+ 34+9 


+ 


51 +19 


448 


V Seorpii 


2.8 


17 23 67.872 


+4.0747 


+ 


94 


- 1 


82 


11 0.4 


+ 102 +23 


+ 


69 +20 


449 


a Arae 


2.9 


17 24 6.648 


4.6309 


+ 


146 


-34 + 1 


62 


10 0.6 


+ 18+2 


+ 


51 +16 


450 


Br. 2209 


4.8 


17 25 18.861 


3.6577 


+ 


64 


+ 30 


72 


25 1.3 


_ _ 


+ 


70 +18 


451 


X Seorpii 


1.8 


17 26 49.052 


4.0697 


+ 


87 


- 3 


76 


16 0.8 


+ 16 


+ 


56 +19 


453 


$ Seorpii 


2.0 


17 30 7.967 


4.3062 


+ 


96 


+ 10 


67 


7 0.3 


+ 62 +19 


+ 


41 +19 


456 


K Seorpii 


2.6 


17 35 34.177 


+4.1471 


+ 


72 


- 5 


73 


12 0.6 


- 33 -10 


+ 


61 +20 


462 


t* Seorpii 


3.1 


17 40 35.426 


4.1936 


+ 


62 


+ 40 


67 


10 0.5 


- 23 - 2 


+ 


46 +11 


464 


L7449 


3.2 


17 43 3.053 


4.0819 


+ 


51 


+ 48 


77 


7 0.3 


_ _ 


+ 


23 +21 


472 


Arae 


3.8 


17 68 50.846 


4.6704 


+ 


17 


- 2 + 1 


69 


7 0.3 


+ 66+8 




_ _ 


473 


y Sagittarii 


3.0 


17 69 23.039 


3.8630 


+ 


20 


-42 + 2 


79 


38 0.9 


+ 38 +13 


+ 


60 +13 


476 


c Teleseopii 


4.5 


18 3 48.418 


+ 4.4629 


+ 


2 


- 18 


73 


8 0.4 


+ 248 +49 


+ 


77 +19 


479 


rf Sagittarii 


3.1 


18 10 61.676 


4.0600 





6 


-107+2 


81 


14 0.4 


-4+2 


+ 


83 +25 


481 


8 Sagittarii 


2.8 


18 14 35.547 


3.8415 





8 


+ 31 


76 


26 1.0 


+ 16+8 


+ 


46 +14 


483 


€ Sagittarii 


1.9 


18 17 32.080 


3.9823 





18 


-35+1 


73 


19 1.1 


+ 12+6 


+ 


36+6 


484 


X Sagittarii 


2.9 


18 21 47.970 


3.7027 


— 


12 


-36 + 2 


74 


50 1.9 


+ 6-2 


+ 


47 +12 


486 


{ Pavonis 


4.0 


18 31 21.117 


+ 7.0287 


.^ 


431 


- 37 +10 


71 


14 0.4 


+ 71 +21 


+ 


63 +26 


488 


qp Sagittarii 


3.3 


18 39 24.563 


3.7499 





44 


+ 30 


75 


32 1.3 


+ 32+5 




— - 


491 


<r Sagittarii 


2.1 


18 49 3.903 


3.7219 





66 


+ 7 + 1 


71 


61 1.8 


+ 36 +10 


+ 


66 +17 


497 


{ Sagittarii 


2.7 


18 66 15.013 


3.8202 





78 


- 13 


76 


26 1.0 


+ 43 +11 


+ 


71 +20 


500 


T Sagittarii 


3.5 


19 41.858 


3.7485 


— 


72 


-44 + 2 


78 


20iit^lt 


zed b9 ^eev 


Jii/^i^9 
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Second Section — (Declination, —21° 50' 


to -82°). 








1 








1 




B-N 


B- 


-A 




1 No. 


Decl. 1900 


Ann. V. and Sec. V. 


fi^ and 100 Jfi' 


Ep. and Wt. 


J 8 J//' 


J8 


Jp> 




1 




.001 


.001 


.001 


T p, p^ 


.01 .001 


.01 


.001 






/ # 


# # 


f 


f 




r # 


> 


# 




351 


-41 43 6.99 


-15.979 4- 342 


- 30 





68 10 0.5 


-25 + 2 


-10 


+ 6 




352 


-46 67 32.18 


16.643 + 369 


- 24 





67 9 0.5 


+ 9 +11 


+ 21 


+ 9 




360 


-42 43 62.12 


14.714 -h 395 


- 51 





67 10 0.6 


+ 18 +11 


+ 6 


+ 10 




1 361 


-41 42 10.60 • 


14.656 + 394 


- 34 





67 8 0.4 


- 57 - 8 


- 7 


-12 




364 


-24 63 20.61 


14.341 + 364 


- 56 


- 1 


73 28 1.1 


- 55 - 8 


-10 


- 2 


V Scorpii 


365 


-46 39 36.66 


-14.314 + 422 


- 35 





72 12 0.4 


__ 


+ 4 


+ 3 




367 


-48 21 27.18 


13.924 -h 441 


- 60 


- 1 


74 9 0.2 


-9 + 2 


- 


_ 




368 


-51 43 7.07 


13.920 + 456 


- 64 


- 1 


72 9 0.4 


-46 + 2 


+ 18 


+ 9 




370 


-68 18 36.08 


13.691 -H 599 


- 20 


- 1 


70 14 0.4 


+ 64 +22 


+60 


+22 




i 381 


-65 68 50.09 


12.440 + 630 


- 68 





70 8 0.3 


- 


+64 


+20 




382 


-40 49 60.06 


-12.342 + 463 


- 33 





66 12 0.6 


+ 65 +16 


+ 10 


+ 8 




■ 394 


-63 7 18.73 


11.430 + 640 


-389 


- 3 


69 11 0.4 


+ 60 +18 


+41 


+ 17 




, 397 


-28 55 19.66 


10.750 + 460 


- 31 





73 13 0.6 


— — 


-26 


- 3 




399 


-25 49 34.69 


10.600 + 453 


- 36 





74 20 1.2 


- 24 +12 


+ 17 


+ 3 




401 


-38 6 39.04 


10.646 + 496 


- 34 





72 10 0.4 


— _j# 


- 


- 




; 402 


-22 20 14.05 


-10.480 + 445 


- 37 





73 53 2.0 


- 34 - 2 


- 6 


+ 2 




406 


-63 25 48.07 


9.566 + 700 


- 16 





72 6 0.3 


_ _ 


+ 13 


+ 2 




408 


-49 64 36.62 


9.126 + 583 


- 52 


- 2 


71 10 0.4 


+ 17 +11 


+27 


+12 


y* Normae 


410 


-26 21 10.53 


8.891 + 480 


- 33 





72 34 1.4 


-26 + 6 


-25 


- 6 




413 


-78 40 20.94 


8.700 +1.196 


- 78 


- 5 


74 18 0.3 


+ 25 + 4 


+35 


+ 1 




416 


-26 12 36.85 


- 8.247 -f 492 


- 35 





70 70 2.4 


- 46 - 7 


_ 


__ 




417 


-34 29 11.58 


8.108 -h 525 


- 22 





76 11 0.4 


+ 10 + 6 


+ 7 


+ 6 


N Scorpii 


422 


-28 31.18 


7.736 + 606 


- 37 





75 24 1.0 


- 28 - 2 


-26 


- 7 




426 


-68 60 38.13 


7.043 + 866 


- 28 


+ 1 


68 31 0.6 


+ 60 +21 


+ 77 


+20 




428 


-58 51 46.16 


6.809 + 712 


- 47 


+ 1 


73 10 0.3 


- 


-12 


- 4 




429 


-34 6 42.39 


- 6.811 + 529 


-258 


- 7 


72 17 0.9 


+ 23 + 4 


+ 14 


+ 7 




430 


-37 52 32.82 


6.466 + 563 


- 30 





69 12 0.6 


- 28 - 6 


+ 12 


+ 2 




431 


-37 50 49.39 


6.429 + 663 


- 32 





69 8 0.4 


_ — 


- 4 


+ 3 




432 


-55 49 56.09 


6.046 + 690 


- 46 





71 11 0.4 


-4 + 2 


+ 16 


- 1 




433 


-53 24.28 


5.898 + 667 


- 4 





70 10 0.4 


+ 17 +12 


-19 


- 8 


€^ 


438 


-43 6 26.42 


- 5.062 + 610 


-296 





67 14 0.5 


+ 39 +10 


- 3 


- 6 




444 


-24 53 69.27 


3.866 + 628 


- 30 





72 48 1.4 


-20 + 6 


- 6 


- 3 




445 


-66 17 0.20 


3.761 + 724 


- 10 





67 11 0.4 


_ — 


+ 11 


+ 1 




446 


-55 26 7.03 


3.775 + 714 


- 35 





70 11 0.4 


- 26 - 7 


- 1 


-12 




447 


-24 5 0.43 


3.589 + 527 


-130 





73 36 1.1 


-12 + 7 





- 6 


44 Ophiu. 


448 


-37 12 57.67 


- 3.181 + 588 


- 42 





76 9 0.4 


- 10 - 7 


+ 6 


- 4 




449 


-49 47 48.78 


3.216 + 668 


- 89 





66 12 0.6 


- 17 - 6 


-20 


-10 




450 


-23 53 7.46 


3.058 + 529 


- 36 





74 19 0.9 


_ — 


-36 


- 6 


61 Ophiu. 


451 


-37 1 51.23 


2.926 + 688 


- 34 





73 14 0.8 


- 41 - 6 


- 2 


+ 6 




453 


-42 56 3.08 


• 2.620 + 623 


- 15 





67 9 0.4 


- 25 - 6 


+ 2 


- 2 




456 


-38 58 42.20 


- 2.159 + 602 


- 26 





71 13 0.6 


- 68 -11 


-19 


-14 




462 


-40 5 17.83 


1.708 + 610 


- 12 





72 11 0.4 


- 18 - 6 


-56 


-13 




464 


-37 40.87 


1.458 + 596 


+ 23 


+ 1 


74 8 0.3 


_ — 


- 5 


+ 1 


G Scorpii 


472 


-50 6 52.88 


0.136 + 681 


- 35 





70 10 0.3 


+ 32 +16 


- 


- 




473 


-30 25 31.16 


~ 0.250 + 561 


-196 


- 1 


80 34 0.8 


-7 + 2 


-24 


-10 




476 


-45 58 17.91 


+ 0.296 + 649 


- 37 





72 10 0.6 


+ 16 + 8 


+ 11 


- 1 




479 


-36 47 30.32 


0.781 + 589 


-169 


2 


74 12 0.6 


- 77 -16 


-16 


- 8 




481 


-29 52 14.43 


1.237 + 559 


- 39 





76 21 0.8 


- 18 - 5 


-20 


- 7 




483 


-34 25 64.70 


1.406 + 578 


-127 


- 1 


71 18 1.1 


- 34 - 5 


+ 24 


+ 11 




484 


-25 28 37.41 


1.710 + 536 


-194 





72 37 1.6 


-1 + 6 


-36 


-11 




486 


-71 30 49.23 


+ 2.573 +1014 


-161 


- 1 


75 17 0.2 


+ 11 + 4 


+36 


+ 8 




488 


-27 6 37.04 


3.426 + 538 


- 4 





73 28 1.2 


-26 + 2 


- 


- 




491 


-26 25 15.74 


4.191 + 628 


- 68 





73 47 1.6 


-19 + 7 


+ 2 


- 2 




497 


-30 1 23.07 


4.868 + 638 


- 3 





76 22 0.8 


+ 45 +16 


-31 


-12 


r 


600 


-27 49 0.10 


4.984 + 524 


-263 


- 1 


76 18 0.8 


- 30 -10 


-41 


-13,g 
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B — N 




B-A 


No. 


Name and Magnitude 


R.A. 1900 


Ann. V. and Sec. V. 


fi and 100 J^ 


Ep. 


andWt. 


Ja J/i 


Ja Jii 1 












.0001 


.0001 


.0001 


T 


p. p. 


.001 .0001 
+*92 +24 


+ 


001 .0001 


503 


a Coron. Aastr. 4.2 


b m ( 

19 2 40.222 


+4^0874 


— 122 


+ '75 


• 
+ 1 


77 


8 0.3 


'84 +28 


614 


Br. 2478 


4.6 


19 30 37.384 


3.6655 


- 104 


+ 63 





71 


66 1.2 


+ 39+9 


+ 


81 +26 , 


624 


Br. 2549 


4.6 


19 56 30.641 


3.6956 


- 148 


+ 28 





76 


41 1.6 


+ 30+6 


+ 


72 +25 1 


531 


a Pavonis 


2.0 


20 17 44.337 


4.7743 


- 595 


+ 10 


+ 2 


62 


19 0.5 


+ 68 +10 


+ 


60 +16 


537 


a Indi 


3.2 


20 30 32.117 


4.2372 


- 402 


+ 41 


- 1 


66 


8 0.4 


+ 107 +14 


+ 


48 +11 


541 


fi Favonis 


3.6 


20 36 57.031 


+5.4611 


-1164 


- 75 





65 


11 0.4 


+ 13+6 


+ 


19 +14 


543 


^ Capricorni 


4.2 


20 40 10.569 


3.5591 


- 167 


- 41 


+ 1 


77 


20 1.0 


- 1 


+ 


39 +15 


548 


/SIndi 


3.7 


20 46 69.780 


4.7220 


- 734 


+ 12 





71 


7 0.3 


- 20 - 5 


+ 


53 +21 


663 


y Pavonis 


4.2 


21 18 10.679 


5.0169 


-1240 


+ 130 


-23 


65 


10 0.4 


- 41 -25 


+ 


36 +14 


564 


t Capricorni 


4.1 


21 20 67.564 


3.4324 


- 166 








74 


;« 1.3 


- 6 - 4 


+ 


67 +20 1 

1 


675 


y Gruis 


3.2 


21 47 52.655 


+3.6472 


- 310 


+ 91 





76 


14 0.6 


+ 75+14 


+ 


95 +31 ■ 


578 


a Gruis 


1.9 


22 1 55.985 


3.8018 


- 455 


+ 123 





64 


21 0.6 


+ 52 + 13 


+ 


53 +12 


583 


a Tucanae 


2.9 


22 11 39.181 


4.1486 


- 846 


- 107 


+ 2 


61 


11 0.5 


+ 71 +11 


+ 


27 +14 ■ 


592 


fi Octantis 


4.4 


22 36 60.958 


6.4162 


-6264 


- 296 


+ 19 


67 


20 0.4 


+ 106 + 9 


+ 


75 +28 


694 


fi Gruis 


2.1 


«2 36 41.854 


3.6015 


- 435 


+ 123 


- 1 


67 


8 0.3 


- 6 -10 


+ 


28 - 1 i 


597 


e Gruis 


3.7 


22 42 30.950 


+ 3.6466 


- 516 


+ 101 


- 1 


68 


8 0.3 


+ 20+8 


+ 


87 +22 


603 


« Pise. Austr. 


1.3 


22 52 7.579 


3.3240 


- 211 


+ 261 


- 1 


68 


69 1.9 


+ 9-1 




— - 1 


609 


y Tucanae 


4.0 


23 11 35.675 


3.6292 


- 636 


- 56 





66 


9 0.4 


+ 25+2 


+ 


62 +26 ' 


616 


/3 Sculptoris 


4.6 


23 27 36.649 


3.2291 


- 258 


+ 77 





79 


11 0.4 


+ 41+6 


+ 


84 -h26 1 


621 


8 Sculptoris 


4.6 


23 43 43.107 


3.1322 


- 160 


+ 80 





73 


45 0.8 


+ 56 +21 


+ 108 +36 









Thibd Section 


— 


(Declinations north of +82** and south of -82*). 








1 
















B — N 


B — A 


No. 


Name and Magnitude 


R.A. 1900 


Ann. V. and Sec. V. 


fi and 100 Jfi 


Ep. 


and Wt. 


Ja J/t 


Ja J/< 














.0001 


.0001 


T 


p. p. 


.001 .0001 


.001 .0001 . 






M 


b m • 




• • 


• 


• 


• • 


• • 


28 


43 H Cephei 


4.5 


55 1.569 


-h 


7.3964+ 1.4817 


+ 769 


+ 97 


74 


62 3.3 


+ 98 + 55 


- 9 - 13 


39 


a Ursae min. 


2.1 


1 22 33.276 


-H 


25.2219 + 20.130 


+ 1377 


+ 689 68 


138 7.7 


+ 86+10 '-239 - 3 


117 


Gr. 750 


6.1 


4 5 5.719 


+ 


17.3154+ 1.7966|+ 145 


+ 37 75 


61 1.5 


+ 72 + 21 + 62 - 7 


153 


Gr. 944 


6.4 


5 29 54.630 


-h 


18.6966+ 0.51141+ 184 


+ 4 73 


30 1.1 


+ 290 + 56 ! 


179 


51 H Cephei 


6.2 


6 53 44.292 


+ 


29.6574- 2.6345 


- 469 


- 79 


72 


118 3.7 


+302 + 91 + 16 + 24 


185 


25 H Camelop. 


5.3 


7 10 3.203 


+ 


12.8946- 0.5208 


+ 31 


- 16 


71 


60 2.3 


_470-104' 


251 


30 H Camelop. 


5.3 


10 18 54.857 


-H 


7.7197- 0.8984 


- 450 


+ 37 


78 


48 1.0 


- 57 + 19 


+ 81+39 


303 


6 B Ursae min 


.6.3 


12 14 23.174 


+ 


0.2482+ 0.8188 


- 737 


+208 


74 


45 3.0 


+69+14 


- -, 


315 


322H Camelop. 


5.2 


12 48 23.221 


-h 


0.4091+ 0.2077 


- 179 


+ 15 


69 


40 2.9 


+ 40+8 


- 


435 


€ Ursae min. 


4.4 


16 56 12.208 


— 


6.3039+ 0.3152 


+ 72 


- 1 


66 


100 4.2 


- 14 + 15 1+ 28+9 


477 


8 Ursae min. 


4.4 


18 4 32.798 


_ 


19.4859- 0.1434 


+ 209 


- 88 


69 


142 6.7 


+ 78+19+91+36 


511 


A Ursae min. 


6.6 


19 22 29.27 





67.822 -26.888 


-1033 


-414i 71 


122 4.0 


-310 + 3 -829 -203 


550 


76 Draconis 


5.7 


20 49 50.647 


— 


4.0715- 0.5374 


+ 177 


+ 2 


78 


44 1.6 


+ 78+46 , + 119 + 50 


6 


o Octantis 


7.2 


12 29.31 


_ 


0.7813+ 2.3873 


+ 49 


- 24 


69 


24 0.7 


-159 - 13 


-639 -356 


51 


L 634 


5.6 


1 43 7.95 





3.9460+ 1.1741 


+ 143 


- 8i77 


20 0.2 


+ 98+57 


- 82 - 41 


200 


L3911 


7.8 


7 53 1.62 





44.248 -16.884 


- 445 


- 8 


68 


22 0.8 


- 61 - 43 


-361 -176 


224, 


i Octantis 


5.6 


9 11 14.28 





7.8696- 1.6294 


-1075 


- 69 


75 


21 0.3 


+ 119 + 32 


-461 -180 


328 


K Octantis 


5.7 


13 24 42.09 


+ 


8.8359+ 1.6060 


- 753 


- 73 


75 


23 0.3 


+ 40 - 2 


-180 - 73 


343 


8 Octantis 


4.1 


14 10 51.76 


+ 


9.0873+ 1.0431 


- 514 


- 32 


68 


21 0.5 


-18-8 




354 


L 5823 


6.5 


14 38 59.75 


-h 


24.5623+ 8.7590 


-1814 


-181 


68 


28 0.8 


-49-17 


- 69 - 27 


375 


p Octantis 


5.7 


15 20 11.45 


+ 


13.1258+ 1.4044 


+ 852 


+ 16 


74 


25 0.4 


+ 8+12 


- 82 - 28 


471 


X Octantis 


6.2 


17 56 4 25 


-h 


35.718 + 0.3694 


-1151 


+494 


75 


22 0.3 


- 92 - 98 


-322 -140 


499 


<r Octantis 


6.6 


18 59 43.48 


+ 102.433 -38.853 


+ 1108 


- 65 


70 


30 0.9 1+273+ 9 


-217 - 55 


570 


L6460 


6.6 


21 37 38.63 


+ 


68.373 -88.557 


+ 56 


+ 814 


70 


31 0.8 


+ 117 + 2 


-163 -121 


584 


V Octantis 


5.7 


22 12 34.94 


+ 


12.8332- 3.1995 


- 426 


+ 7 


69 


31 0.8 


- 45 - 23 


+ 5-5 


611 


T Octantis 


5.6 


23 13 9.30 


+ 


10.9791- 5.2362 


+ 147 


- 57 


69 


34 0.8 


-183 - 52 


-183 - 78 


622 


y^ Octantis 


5.1 


23 46 14.49 


+ 


3.6585- 0.3151 


- 291 


+ 22 67 


20 0.5 '-120 - 40 


- 
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Second Section — 


[Declination, -21° 60' 


to - 


82«). 






















B— N 


B- 


-A 




Ko. 


Decl. 1900 


Ann. V. and Sec. V. 


ti' and 100 J/i' 


£p. and Wt. 


JS J/i' 


JS 


Jfti 








.OOT 


.001 


.001 


T p, p,/ 




.01 .001 


.01 


.001 






O / # 


f f 


# 


t 






9 9 


# 


9 




503 


-38 3 36.95 


+ 6.302 +672 


-112 


+ 1 


70 8 0.4 


+ 


24 + 6 


+26 


+ 7 




514 


-25 6 15.78 


7.696 +489 


- 26 


+ 1 


70 39 1.2 


— 


7 + 1 


-40 


-13 


h Sagitt. 


624 


-27 59 16.69 


9.770 +467 


+ 12 





79 31 1.0 


— 


16-1 


-29 


-16 


c Sagitt. 


531 


-57 3 19.72 


11.251 +569 


- 85 





64 18 0.6 


+ 


11+7 


-17 


- 8 




637 


-47 38 24.67 


12.306 +484 


+ 64 





66 12 0.6^ 


+ 


26 +11 


-26 


-14 




641 


-66 33 44.56 


+ 12.630 +613 


+ 18 


- 1 


68 14 0.4 


+ 


69 +20 


+88 


+27 




543 


-25 37 49.43 


12.740 +391 


-158 


- 1 


76 21 1.0 





93 -10 


-26 


- 4 




548 


-58 49 52.94 


13.326 +508 


- 24 





74 9 0.3 





44 -16 


-32 


-15 




563 


-65 49 6.94 


16.061 +469 


+807 


+ 1 


66 13 0.6 


-f 


64 +23 


+47 


+ 14 




564 


-22 50 40.27 


15.436 +314 


+ 25 





74 30 1.5 


— 


10 + 6 


- 2 







sro 


-37 60 6.94 


+ 16.790 +283 


- 17 


+ 1 


71 15 0.7 


-h 


1 + 4 


+ 23 


+ 8 




678 


-47 26 43.45 


17.276 +266 


-169 


+ 1 


66 23 0.7 





4 + 6 


+ 7 


+ 2 




583 


-60 46 29.03 


17.810 +267 


- 38 


- 1 


66 12 0.5 





77-4 


+43 


+ 12 




692 


-81 64 20.88 


18.713 +326 


+ 2 


- 2 


68 27 0.6 


+ 


4 


+66 


+ 7 




594 


-47 24 27.19 


18.721 +179 


- 16 


+ 1 


69 11 0.4 


+ 


12 +10 


+21 







597 


-61 50 33.87 


+ 18.853 +169 


- 69 


+ 1 


71 11 0.4 





36 


+18 


+ 7 




603 


-30 9 8.29 


19.006 +134 


-169 


+ 1 


70 60 1.4 





7 + 2 


. 


— 




609 


-58 47 2.42 


19.684 + 99' 


+ 83 


/ 


68 11 0.4 


-h 


73 +22 


+ 3 


+ 3 




616 


-38 22 16.82 


19.861 + 58 


+ 14 





76 10 0.3 


-h 


16 + 8 


+57 


+26 




621 


-28 40 69.91 


19.894 + 24 


-102 





72 28 0.7 


-f 


68 +31 


+ 9 


+ 3 









Third Section — 


(Declinations north of +82° and south of —82° 


)• 




















B- 


•N 


B — A 




No. 


Decl. 1900 


Ann. V. and Sec. V. 


p' and 100 Jp' 


Ep. and Wt. 


JS 


Jm' 


J8 J/i' 










.001 


.001 


T p. 


P^ 




.01 


.001 


.01 .001 






r g 


g g 


r 


g 








f 


g 


# # 




28 


+86 43 14.50 


+ 19.467 -0.268 


- 5 


- 3 


80 66 


2.2 


— 


24 


- 1 


-1 + 1 




39 


+88 46 26.49 


+ 18.761 -1.311 


+ 1 


7 


68 256 


14.2 


— 


12 


- 3 


-11 - 3 




117 


+85 17 28.72 


+ 9.668 -2.219 


+ 33 


- 2 


82 66 


1.3 


— 


34 


-10 


+ 11 + 4 


161 H Ceph. 


163 


+85 8 49.74 


+ 2.626 -2.706 


+ 1 


- 3 


74 17 


0.6 


+ 


14 


+ 5 


_ _ 


1.58HCeph. 


179 


+87 12 20.38 


- 4.696 -4.197 


- 38 


+ 7 


76 148 


4.3 


— 


15 


- 3 


+ 11 + 7 




185 


+82 36 16.00 


- 6.077 -1.790 


- 44 





70 36 


2.2 


___ 


6 


+ 3 


_ 




251 


+83 4 2.96 


-18.106 -0.470 


+ 23 


+ 3 


79 52 


1.0 


+ 


18 


+15 


-13 




303 


+88 15 16.19 


-19.947 +0.010 


+ 60 


- 1 


76 36 


2.1 


— 


1 


+ 2 


_ — 




315 


+83 67 23.45 


-19.685 +0.020 


+ 17 


- 1 


70 32 


1.8 


+ 


6 





- — 




435 


+82 12 7.67 


- 5.511 -0.880 


- 3 


+ 1 


74 130 


4.6 


— 


1 


- 2 


- 7 




477 


+86 36 47.61 


+ 0.446 -2.837 


+ 48 


+ 3 


74 185 


7.8 


___ 


10 


+ 1 


-14 - 2 




611 


+88 59 15.83 


+ 7.071 -9.271 


+ 11 


-14 


72 151 


4.8 


+ 


2 


+ 2 


-6 + 1 




660 


+82 9 40.11 


+ 13.660 -0.442 


+ 27 


+ 2 


70 52 


1.8 


+ 


10 


+ 2 


+14 + 6 




6 


-88 66 8.30 


+20.024 -0.002 


+ 7 





69 27 


0.9 


+ 


1 


+ 1 


-1+2 




61 


-86 16 29.30 


+ 18.077 +0.242 


+ 16 


- 1 


78 26 


0.2 





16 


- 2 


-24 - 9 


4 G Oct. 


200 


-88 34 24.89 


- 9.483 +5.691 


+ 8 


+ 6 


69 28 


0.8 


+ 


3 





-25 -10 


A Oct. 


224 


-85 15 46.87 


-14.816 +0.787 


+ 37 


+ 10 


77 28 


0.3 





6 


- 4 


-17 - 9 




328 


-86 16 24.78 


-18.721 +0.470 


- 28 


- 4 


76 31 


0.4 


— 


4 


- 5 


+ 20 + 2 




343 


-83 12 35.20 


-16.882 +0.720 


- 16 


- 4 


67 24 


0.6 


__ 


9 


- 2 


__ 




354 


-87 44 30.61 


-16.478 +2.280 


- 62 


-17 


68 31 


1.0 


+ 


4 





- 7 - 1 


20 G Oct. 


376 


-84 7 55.06 


-12.798 +1.482 


+ 75 


+ 9 


73 30 


0.4 





2 


- 4 


+ 13 - 1 




471 


-87 39 61.46 


- 0.473 +6.190 


-129 


-17 


74 29 


0.4 





8 


- 5 


- 7 - 4 




499 


-89 16 16.46 


+ 6.161 + 14.44 


- 4 


+ 16 


69 42 


1.1 


— 


1 










570 


-89 19 3.16 


+ 16.270 +6.795 


- 32 





70 37 


0.9 





4 


- 2 


- 4 - 1 


B Oct. 


584 


-86 28 33.87 


+ 17.954 +0.835 


+ 69 


- 3 


71 37 


1.0 


— 


24 


- 6 


-13 - 1 




611 


-88 1 62.83 


+ 19.645 +0.315 


+ 16 


- 4 


69 40 


1.1 


+ 


2 





- 7 




622 


-82 34 28.69 


+ 19.998 +0.023 


- 17 





70 26 


0.7 


— 


16 


- 1 


- 
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OBSERVATIONS OF COMET 6 1902 (perrine), 

MADE WITH THE ll-INCH EQUATORIAL AT THE SMITH COLLEGE OBSERVATORY, NORTHAMPTON, MASS., 

By ABBY E. tucker. 
[Communicated by the Director, Mary E. Byrd.] 



1902 Greenwich M.T. 


* 


Comp. 


Ja 


JB 


App.o 


App.8 


log pA Red. to App. PL 


Oct. 8 15 61 56 
21 13 68 16 
26 12 56 46 

Nov. 2 12 22 48 
7 11 8 18 


1 
3 
4 

6 
6 


12, 7 

8, 8 

12,10 

12, 6 

8, 6 


m 8 

-0 26.67 
+ 29.18 
+0 20.61 
+ 1 32.72 
-4 4.71 


1 n 

-4 61.4 
+ 2 37.4 
+ 1 6.9 
-2 2.3 
+0 56.2 


b m B 

19 47 32.91 
17 48 69.16 
17 34 46.73 
17 13 29.64 
17 2 6.36 


+41° 8 26*3 
+ 6 10 9.1 
+ 42 9.4 

- 6 42 31.6 

- 9 47 19.7 


9.719 
9.633 
9.614 
9.628 
9.602 


0.423 
0.768 
0.768 
0.781 
0.798 


+2.37 +33.6 
+ 2.02 +16.1 
+2.05 +13.1 
+ 2.02 + 9.2 
+2.06 + 7.8 





Mean Places 


of Comparison- Stars for the beginning of the 


year. 


* 


a 


8 


Authority 


* 


a 


s 


Authority 


1 

2 
3 


h m 8 

19 47 67.11 
19 48 31.71 
17 48 27.96 


+41 12 44.2 
+41 6 46.3 
+ 67 16.6 


Micro. Comp. with ^2 
Bonn, A.G. 13479 
Leipzig II, A.G. 8141 


4 
6 
6 


b m a 

17 34 23.07 
17 11 54.90 
17 6 8.00 


+ 0° 40 49*4 

- 6 40 38.5 

- 9 48 23.7 


Nicolajew, A.G. 4376 
Ottakring, A.G.Zones 
Paris III, 21734 



ELEMENTS AND EPHEMERIS OF COMET cl 1903 {qiacobini), 

By H. R. morgan and ELEANOR A. LAMSON. 
[Communicated by Captain Colby M. Chester, U.S.N., Superintendent.] 



The following elements were deduced from three normal 
places derived from observations made at Washington on 
Jan. 21, 22, 23 ; 30 ; and Feb. 5 and 6. 

Elements. 
T = 1903 March 15.4644 Gr. M.T. 

TT = 136 5 5o') 
a = 2 21 6 V- Ecliptic 1903.0 
i = 30 40 20 ) 

q = .409204 
Residuals (0-C) : cos)8 J\ = H-l".6 , Jp = -1".5 

Heliocentric Coordinates. 

X = r [9.999905] sin (225° 46 T-hr) 
y = r[9.768323] sin (137 25 31 + i;) 
z = r [9.908572] sin (134 54 2+v) 

U.S. Naval Observatory, 1903 Feb. 10. 



Ephemeris. 



1903 Gr. M.T. 


a 


8 


log A 


Light 


Feb. 20.6 


23 43 42 


+ 12 3.8 


0.1174 


5.9 


22.5 


23 47 29 


12 48.8 


0.1038 




24.6 


23 51 21 


13 33.9 


0.0891 


8.4 


26.5 


23 55 17 


14 18.4 


0.0730 




28.5 


23 69 17 


15 1.3 


0.0554 


12.1 


Mar. 2.6 


3 17 


15 41.4 


0.0361 




4.5 


7 13 


16 16.8 


0.0150 


18.9 


6.6 


11 2 


16 45.1 


9.9917 




8.6 


14 36 


17 2.7 


9.9663 


29.4 


10.5 


17 46 


17 6.5 


9.9386 




12.5 


20 25 


16 48.2 


9.9088 


44.6 


14.6 


22 22 


16 4.9 


9.8771 




16.5 


23 31 


14 50.2 


9.8442 


62.4 


18.5 


23 49 


12 69.3 


9.8109 




20.6 


23 18 


10 29.6 


9.7784 


76.2 


22.5 


22 4 


7 20.7 


9.7477 




24.5 


20 17 


+ 3 35.4 


9.7200 


82.1 



Brightness on Jan. 19.5 is adopted as the unit. 
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OBSERVATIONS OF COMET h 1902 (perbine), 

MADE WITH THE 26-INCH REFRACTOR OF THE LEANDER M^^CORMICK OBSERVATORY, 

By J. P. McCALLIE. 



1902 Chart. M.T. 


* 


Comp. 


Ja 


j8 


App.a 


App. 8 


logpA 


Red. to. 


^pp. PI. 


Sept. 10 


b m • 
12 7 1 


1 


5,10 


m ■ 

-1 8.71 


-h4'3o!l 


b ni • 

3 3 53.42 


-1-39*' 18 55^1 


nO.867 


0.221 


-h4!43 


-h 2.1 


27 


14 39 24 


2 


8,6 


-1 


34.68 


+ 2 36.8 


46 57.21 


-h55 15 52.0 


0.836 


7t0.215 


-h6.01 


-hl8.5 


28 


16 13 


3 


10,8 


-hi 


19.01 


-1-4 43.9 


22 42.45 


-h56 11 0.5 


1.052 


9.736 


-h5.92 


-1-21.8 


29 


16 41 69 


4 


10,8 


-I 


33.84 


-3 38.0 


23 57 21.79 


-h56 46 42.9 


1.058 


9.643 


-h5.80 


-h24.3 


Oct. 1 


14 39 10 


5 


10,8 


+ 1 


22.01 


+ 4 18.4 


23 14.05 


-h56 52 11.8 


0.987 


W9.904 


-h5.11 


-h30.2 


7 


13 2 31 


6 


8,8 


-1 


18.53 


-3 59.1 


20 6 0.70 


-h44 16 13.7 


0.986 


0.587 


-h2.55 


-h34.6 


8 


12 62 36 


7 


10,8 


+ 1 


43.29 


+ 2 38.4 


19 45 45.69 -h40 48 14.5 


0.961 


0.640 


-h2.33 


+33.2 


14 


10 10 18 


8 


dU , 12 


-0 


0.38 


-1-4 22.8 


18 29 54.36 


-1-21 12 0.2 


0.862 


0.653 


-h2.02 


H-23.9 


17 


8 50 30 


9 


8,8 


+1 


10.29 


-1 13.0 


18 8 54.27 


-1-13 45 8.2 


0.815 


0.660 


-hl.99 


-h20.0 


21 


7 54 15 


10 


10,8 


+ 


37.83 


+6 0.8 


17 49 7.82 


-h 6 13 32.1 


0.785 


0.698 


-h2.03 


-hl6.1 


22 


7 55 48 


11 


d 8,8 


-0 


28.84 


-1 40.1 


17 45 3.1 


-h 4 39.9 


0.793 


0.709 


H-2.04 


+ 15.4 


24 


7 31 3 


12 


8,8 


-0 


54.20 


-6 50.7 


17 3S 1.89 


-h 1 56 31.8 


0.782 


0.722 


-1-2.05 


+ 14.0 


28 


7 6 33 


13 


rfl4,12 


-0 


16.88 


-2 15.6 


17 26 5.95 


- 2 29 45.1 


0.786 


0.743 


-h2.04 


+ 11.4 


29 


6 30 39 


14 


6,5 


_2 


55.86 


-h3 35.5 


17 23 30.1 ; - 3 24.8 


0.751 ! 0.750 


-h2.05 


+ 11.1 


31 


6 11 3 


15 


4,4 


-3 


1.40 


-8 6.0 


17 18 26.64 


— 5 7 54.0 


0.742 


0.759 


-1-2.04 


+ 10.4 


Nov. 1 


6 9 42 


16 


8,8 


+ 1 


13.08 


-7 2.3 


17 15 59.89 


— 5 55 27.5 


0.750 


0.762 


+2.02 


+ 9.6 



Mean Places of Comparison^ Stars for the heginning of the year. 



1 
2 
3 
4 
5 
6 
7 
8 



3 4 
48 
21 



57.70 
25.88 
17.52 
23 68 49.83 
22 58 46.93 



Authority 



20 7 
19 44 



16.68 
0.07 
18 29 52.74 



+39 
+ 55 

+ 56 
+ 44 
+ 40 
+ 21 



22.9 
56.7 
54.8 
56.6 
23.2 
38.0 
3.0 
13.8 



Lund, A.G. 1634 
Camb.,(U.S.)A.G.400 
Hels.-Gotha, A.G. 322 
Hels.-Gotha, A.G.14633 
Hels.-Gotha, A.G. 13683 
Bonn, A.G. 13855 
Bonn. A.G. 13394 
Berlin B, A.G. 6540 



9 
10 
11 
12 
13 
14 
15 
16 



18 
17 
17 
17 
17 
17 
17 
17 



i 
48 
45 
38 
26 
26 
21 



41.99 

27.98 

29.9 

54.02 

20.78 

23.9- 

25.97 



14 44.76 



Authority 



+ 13 



+ 
+ 
+ 



46 1.2 


7 15.6 


41.3 


3 7.7 


27 41.2 


28.6 


59 59.0 


48 35.4 



Leipzig I, A.G. 6476 
Leipzig II, A.G. 8141 
DM. +4^3523 
Albany, A.G. 5893 
Paris III, 22273 
DM. -3°4120 
Paris III,'221 16 
Paris III, 21919 



NOTES. Those comparisons marked d were taken directly by micrometrical measurements. — Corrections for refraction have been made. 
Oct. 7. Seeing 2. Images fuzzy. — Oct. 17. Seeing 1. Comet very faint. Hazy and full moon. — Oct. 21. Tail extends across 5-inch 
finder. — Oct. 28. Seeing 8. Slightly tremulous. 



OBSERVATIONS OF COMET b 1902 {pereine), 

MADE WITH THE 26-INCH EQUATORIAL AT THE U. 8. NAVAL OBSERVATORY. 

^ [Communicated by Captain Colby M. Chester, U.S.N., Superintendent.] 
These observations give a correction of +5' in a and — 1'.2 in 8 to the ephemeris of Elis Stromgrex in A.N. 3821. 



1903 Washington M.T. 



h m 8 

Feb. 5 11 8 
*' 5 11 16 47 



Comp. 



23,5 
20,4 



Ja 



m t 

+ 1 37.18 
+ 1 32.90 



j8 



App.a 



-5 24.2 
-4 32.7 



8 3 49.73 
8 3 45.45 



App. O 



-33 23 32.7 
-33 22 41.2 



logpA 



Red. to App PI. 



n7.890 
8.477 



0.922 
0.922 



+ 2.26-17.7 ' 
+ 2.26-17. 7 I 



Mean Place of Gomparison-Star for the heginning of the year. 



* 


a 


8 Authority 


1 


h m • 

8 2 10.29 


-33° 17 50*8 C.G.C. 10728 



Ja determined by transits. First observation by Frederick, second by Dinwiddie. 
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ON THE CONVERGENCY OF THE SERIES USED IN THE DETERMINATION 
OF THE, ELEMENTS OF PARABOLIC ORBITS, 

By WILLIAM ALBERT HAMILTON. 



1. Introductory, — The elements of the orbit of a comet 
are usually determined by means of the data obtained at 
three separate, complete observations ; and it often becomes 
a question of importance to the astronomer as to the suit- 
ability, or perhaps one might say the sufficiency, of such a 
set of observations to determine with accuracy the required 
elements. He is confronted on the one hand with a set of 
formulas somewhat complex in their nature, and which are 
subject to limitations in their application owing to the 
properties of the various functions involved in their con- 
struction ; on the other hand, the data of observation are 
subject to limitations owing to unavoidable inaccuracies in 
the construction of the telescope and the multitude of items 
which fall under the class known as errors. It is thus 
both a mathematical and a physical problem with which he 
has to deal, and it becomes important, first that a careful 
analysis be made of the properties of the formulas and the 
conditions under which they may be applied, and secondly, 
that the errors which present themselves in the observa- 
tions, in spite of the greatest care and skill on the ob- 
server's part, may not be allowed to become obscured in 
the final results of the computation. It has been the pur- 
pose of the study of which this paper is a partial result to 
investigate the formulas for computing cometary orbits 
from each of these two stand-points. In pursuance of this 
plan we have investigated among others the nature of the 
functions usually known as the " ratios of the triangles ; " 
and have found the conditions under which they may be 
developed into power-series of the time-intervals between 
the observations. This discussion is given in the first part 
of this paper. In another part of the investigation, which 
is not included in the present paper, we have found the 
effects of the errors of the observations upon the computed 
elements of the orbit of a comet, using Olbbrs's method 
as a basis of the study. To this is added the results of a 
computation, by use of the formulas so deduced, of the 
differentials of error in an actual case. 



d*x 


= 


A:»(l + m)a; 




1* 
&'(H-m)y 


dH 




df 


r» 



We proceed to discuss the ratios of the triangles and 
convergency of the series, using the following notation. 

2. Notation. — Let ^^ , *, , ^ denote the first, second, 
and third times of observation respectively. And if A;' 
denote the Gaussian constant, and m the mass of the comet 
in terms of the mass of the sun taken as unity, then the 
differential equations of motion of the comet referred to 
the sun's center as origin of coordinates are 



(I) 



where r is the heliocentric distance of the comet, and ot^ y, z 
are its rectangular cartesian coordinates. In all practical 
cases m will be infinitesimal in comparison with the mass 
of the sun, and therefore may be neglected. Furthermore, 
if we so change the unit of time that the new unit shall be 
equal to the old when the latter has been multiplied by A;, 
and denote the time when expressed in the new units by 
t—t^^ where t^ is any particular epoch, we may express 
these equations of motion very simply thus : 






(2) 



In these equations the attractions of all the bodies of 
the solar system are neglected except that of the sun. 

(49) 
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3. Preliminary Notions. — Suppose, now, the coordinates 
of the comet at the time t^ to be a^o> ^oj *o> ^^^ ^*^ veloci- 
ties to be 

d^ dy^ dz^ 
dt ' (it ' dt 

then, at any other time, the coordinates and velocities are 
functions of these initial conditions and t—t^\ or, as we 
may write, 

__ J d^o dy^ dz^ \ 

^ -/(^^c y^^ ""^ ^Tt '~di ' It ' ^""^V 

with similar expressions for the other coordinates and the 
velocities. 

Now, it is known from the theory of differential equa- 
tions* that the coordinates and velocities are expansible 
into power-series in ^— ^^^ of the form 

r-/(...4:...o).[fi<,-„.[-{]<^v.. 

which have finite radii of convergency, if r does not vanish 
for t—t^ = 0. 

In the partial derivatives above, t—t^ is to be placed 
equal to zero after differentiation. Hence from (3) it 
follows that 



(4) 



dt 



, dt ' ' ' ' L^^-J, dt' ' 



From equations (2) we obtain 



d'x. 




dt" ~ 


'•«* 


d\_ 

dt' 


Sx, dr, 

T* dt 



l_dx, 
r* dt 



Equations (5) enable us to find the coefficients for the 
developments of the type (3), by means of which the co- 
ordinates and velocities of the comet at any time t are 
expressed as power-series of the time-intervals t — t^, the 
coefficients depending only upon the coordinates and veloci- 
ties at the initial time t^. By means of these developments 
of the coordinates, the so-called ratios of the triangles are 
built up in the form of series which depend upon particular 
time-intervals selected from those determined by the three 
observations. It is of these latter series that we wish to 
find the conditions of convergency ; and it is at once evi- 
dent that their convergency will depend upon the con- 
vergency of the series of the type (3), since the ratios of the 
triangles are simple functions of the coordinates alone. 

4. Convergency of Series, — From well known theorems 
of the theory of functions it follows that any expansions 

♦Jordan's Cours d^ Analyse, Vol. Ill, p. 99. 



whatever of the ratios of the triangles into power-series for 
given time-intervals and initial conditions cannot have 
greater radii of convergency than the values which are 
determined by the positions of the pole* and branch-points 
of the expressions of those ratios as functions of the time- 
intervals. First, however, we study the nature of the 
functions which express x, y, z in terms of t ; and from 
these find the true radii of convergency. 

5. Coordinates as Functions of the Time. — From the 
geometrical relations of the orbit of the comet we have the 
relations 

X = r [cos(t;+ci)) cos JJ — sin (v-hta) sin Q cos t] J 

y =s r [cos (v+ci)) sin Q + sin (t;+ w) cos Si cos t] | (5) 

z = r[sin(t; + a)) sint] \ 



where v is the true anomaly, <■> is the argument of the lati- 
tude of the perihelion, Q is the longitude of the node, and 
i is the inclination of the orbit to the ecliptic. The last 
three quantities are independent of the time ; while v and 
r are expressible in terms of t by means of the relations 



l+cosv 



tan 



+ 3^-'2 = ^(^-^) 



(7) 



2 ■ 3 



where p is the latus rectum of the parabolic path of the 
comet and 77 is the time of perihelion passage. 77 and t are 
thought of as expressed in the units described in section 2 
above — a usage which we shall continue throughout this 
paper. 

6. The Solution of the Cubic. — By means of equations 
(7), we are enabled to express ar, y and z in terms of the 
time-intervals t—U. In order to do this we introduce the 
auxiliaries 

3(^-77) 



pi 
()P = tan^ 

Then the second equation of (7) becomes 
g« -h 3g) - 2t = 



(8) 



(9) 



This is the so-called normal form of the cubic in the 
quantity cp. Its solutions by Cardan's formula are 



<)Pi = ?i "*■ 9s 



} 



(10) 



where q^ = (T-h^/TqpTa)* . q^ = (t— VH^)*» and 
€ , c" are cube roots of unity (see Burns ide & Panton's 
Theory of Equations, p. 108). 
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7. Branch'Points. We want to express qp as a power- 
series in Tj and must therefore find the branch-points and 
poles of the function. At once we have the branch- points 
r = i and t = ~i, where i = V---1- Also t = « is a 
branch-point, as is easily seen by putting t = -^ , and letting 

t' approach zero. This is the same as putting t = « , and 
we easily find that all three solutions have the same value 
at this point. If now we consider a RiEMANN-surface of 
three sheets whose branch-points are at t = i, t = — t and 
T = 00, then by the theory of functions of a complex 
variable we know that when the proper cross-cuts are intro- 
duced the quantity g> is a uniform function of position on 
this surface. 

8. Connection of the Sheets. In order to get a clear 
idea of the surface it is necessary to find what sheets pass 
into each other at the two branch-points which are in the 
finite part of the plane. To do this, we need to follow only 
the purely imaginary values of t ; for the two branch-points 
in question are on the axis of pure imaginaries. Indeed, 
we may also consider the branch-point t = « to be on 
this same axis. 

In order to simplify matters, and at the same time to 
render the reasoning clearer, we make the transformation, 

T 4= icos^ (11) 

where 6 is real or complex. Then q^ and y, become 

Wi = [i(co8^— t sin^)]* = —ie^~i 



q^ = [i(cos^-l-t sin^)]* = —te"! 



And, since we may write c = eT 
tain from (10), 



-r ,* = 



e z i 



we ob- 



(12) 



^z = 



—tiei-re^z) = — 2i C08^ 
-i(ei<'-»'>+e~?<'-*'0 = -2i cos (^^) 



Now, from (11), if 6 takes real values, t is purely imagi- 
nary, and takes values between t = i and t = — i; 
while if ^ is a pure imaginary, t takes pure imaginary 
values with moduli greater than unity. Only when is 
complex does t take real or complex values. Hence, for 
our purpose, we need consider only imaginary values of 0, 
or real values of $, in order to find the connection of the 
sheets. 

We must notice, also, that t is a periodic function of ; 
hence, when we wish t to trace the line between the two 
branch-points but once, we take the primitive period and 
consider this alone. Now, in order that t may take only 
pure imaginary valuea while passing from t = t to t = — i? 



6 must take the real values between and ir, and therefore 
^ will take the real values between and — . We get the 
following correspondence for 6, t, (f^, g:,, % : 



e 


T 


^1 


i 


9n 





i 


-2i 


i 


IT 

2 





-iyJS 





iV3 


TT 


— i 


— i 


— * 


2i 



Denote the branch-points t = t and t = —ihyA and 
A' respectively. Then, from the table above we find, ac- 
cording to the period selected, that the two values qp, and qp, 
become equal when t approaches A ; but when t arrives at 
A' along the. path selected this does not repeat itself; but 
instead we have qp^ = qp,. Hence sheets qp, and qp, are 
connected at t = i ; while qp, and qp^ are connected at 
r = — t. It follows that if we start at t = in the 
T-surface and make a complete circ\iit once around A, 
then and i^Jz will change places. If we draw branch- 
cuts from A to infinity and from A^ to negative infinity, 
the continuation of the sheets when crossing these cuts 
will be 



Along A to 00 , 
Along ^'to —00, 



1.2,3 
1.3.2 
1.2.3 
2.1.3 



All three sheets are connected at t = «, A section 
along the axis of pure imaginaries will appear as in Fig. 1. 

It will be of importance for what follows to notice that 
in the ^plane the portion which is bounded by the axis of 
pure imaginaries and the line ^ = li- is a conform repre- 
sentation of the whole r-plane — each sheet being repre- 
sented once in the fundamental region. 

Fig. I, 



2 >- 

3 >- 



>c 



9. Poles of qp in the Sheets, It is well known that, 
where « is a complex variable, the function e* can become 
infinite only for infinite values of «. Hence it follows from 
(12), that qp cannot become infinite except for infinite values 
of B, Moreover, owing to the periodicity of the function 
e* which makes e '+*''' = e*, the above infinite value of 6 
must be either purely imaginary, or perhaps complex with 
the imaginary part of the complex expression infinitely 
great. But, from (11), such a value of 6 gives t infinite. 
Consequently, it follows that qp cannot become infinite 
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except for infinite values of r. Hence, there are no poles of 
qi in the finite parts of the sheets of the RiEMANN-surface. 

10. Zeroes in the Sheets. By use of (12) we are also 
enabled to find at once the zeroes of (p in the r-surface. 
The general condition for the vanishing of (jp is given by 
either of the equations 

e 

C0S5 = 



cos 



m-o 



These are virtually the same, since we may get the one 
from the other by putting 6 = 0'±2ir. It is then only 

necessaiy to find the value of for which cos^ = 0. 

Now, by methods well known in the theory of trigonometry 
(see Chrtstal's Algebra, Vol. II, Chap. 29), it is readily 
proved that the only values of (real or complex) which 
satisfy this condition are 



= 



271+1 



where n is a positive or negative integer or zero. It fol- 
lows that only one zero of g) is to be found in each funda- 
mental region of the ^-plane for each of the sheets of the 
RiEMANN-surface. Thus, for the first sheet, it is that 
value which corresponds to the value of $ which gives, by 
use of (11), T = 0. We have already seen in the table 
following (12) that only one branch of qp vanishes at this 
point ; and that the particular one which vanishes thus is 
dependent entirely upon the sheet of the RiEMAXN-surface 
in which t is found. 

11. Resume, We note here the following summary of 
results as to critical points upon the RiEMANN-surface 
upon which qp is a function of position : 

(13) 

IT = in the r-surface 
^ = ^ in the fundamental region of ^-plane 

Poles — None in the finite part of the plane 

lr = i 
Branch-points-^ t = —i 

( r =s 00 

12. Rational Functions of-q) and t. At this place we 
state the following theorem which will be useful for later 
work. 

Every rational function of q. and r is a uniform function 
of position on the same RiEMANN-«wr/ace as that which 
describes q as a function of t, and its branch-points are at 
the same places, (See Fobsythe, Theory of Functions^ 
page 369). It is to be remembered, however, that this 
theorem does not apply to the zeroes and poles of such a 



rational function of <jp and t. These may be located differ- 
ently, as described in (13). 

13. Coordinates x and y as functions of t. We may 
write the first two equations of (6) as follows : 



X = [e cost;— s sini?]f 1+tan*- j 
y =z [cjCosy— «iSint;]( 1-htan*- J 
where ^ = r(l -hcosy); and 



(14) 



= COS 0) COS $2 — sin 0) sin JJ cos i 



2c 

P 

2s . ^ . ^ . 

— = sino) cos Q+coso) sin JJ cost 
p «> 

— = cos 0) sm Q +sm « cos Q cos t 

2^ 

— - = sin 0) sin JJ —cos (b cOs Ji cos t 



(15 



Using the relations 

l-tan^l 2 tan I 

cos V = and sin v = 

l + tan«^ l+tan^^ 

V 

we may write (14), where we put tan - r= qp, in the form 



X = c —2sq) — cq)^ 
y = ^i —2s^q) — Ciqp2 



(16) 



Now, in the equations (16) c, c^, s and «, are constants, 
independent of t ; and, by the theorem given in the last 
article, x and y, considered as functions of t, are functions 
of position on the same RiEMANN-surface which defines qp 
as a function of t, and the branch-points of x and y are 
qp = t, qp = — i and qp = 00. Moreover, since, c, q, 5 and 
5j are constants and never infinite, x and y cannot become 
infinite e3;cept where q: becomes infinite, viz. : at t = 00. 
Hence we have 

Theorem.* x and y have pole^ in the 'Rir.MA'sy -sheets 
only at t ^ 00 ; aTid they have branch-points at t = t, 
T = — t and T = 00 . 

It follows from the above that x and y are holomorphic 
functions of r in the sheets of the RiEMANN-surface, except 
at the points t = i, t = — i and r = 00, Therefore, they 
may each be expanded into power-series with argument 
T— T^j in the vicinity of any point t=t^. These series 
will be convergent inside of a circle with center t^ and 
radius reaching from t^j to the nearest of the points t = t 
or T = — t. 

14. Raditcs of Convergency. If in (3) we replace t and 
t^ by their corresponding values in r by relation (8), we 
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have just such an expansion as described in the last article. 
If we should at the same time take t^ = 0, the expansion 
in X becomes of the form 



^0 "^ ^\^ "^ ^1^* ''" ^s**"' "^ 



where «o > ^ > ^y *^® constants. This series will be con- 
vergent inside a circle whose center is t^ = 0, and with 
radius unity reaching up to the branch-points t = i and 
T = — t. Hence, the true radius of convergency in this 
case would be | t | = 1 ; or from (8) 



(17) 



-"-5 



Suppose in (17) we give to jp any value, say 1, which 
would correspond to a perihelion distance of 0.6 ; then if 
we make A; = ^ , which is its approximate value, the 
case under supposition would give,- as the limit for the time- 
interval for which the expansion of x into power-series 
would be convergent, the value 20 days. The same period 
would hold for the corresponding expansion of y. 

If T^ were any finite point not equal to zero, say some 
point on the real axis of the r-plane, then the radius of the 
true circle of convergency would be larger than that given 
above. In this case the radius would be iJ^ = VH^> 
which holds for both the x and y series. The radius of 
convergency of the corresponding series in t is at once 
deducible from the series in t through the relations (8). 
The relation is always 



(18) 



R.-\Rr 



where the subscripts denote the argument of the series. 

Since in an absolutely convergent series we are at liberty 
to change the order of the terms at will, we may express 
(3) and the corresponding equation in y by use of coef- 
ficients of the kind given in (5), as follows : 

( - = ^'.+ ^§ 

(19) f 

where A and B for their first few terms are 

r-i-i^+i^^+i^ri-^r^v+-^^i+ 



In these series we have taken t^ = 0. 

of 



They may be 
written as series in t—t^ by use of the Weierstrassian 
theory of the continuation of power-series. 

Since a power-series serves in every way to define the 
behavior of the function from which it is derived as long 
as we remain within its circle of convergence, we can deal 
with the series (19) as with quantities which obey all the 
laws of ordinary algebra (association, commutation, &c.). 



such as ordinary polynomials or rational quantities, and 
the resulting series will be convergent. (See Ghbystal's 
Algebra, Vol. II, pp. 139-143). 

1 5. Ratios of the Triangles, We denote the triangles 
between the positions of two radii vectores of the comet's 
orbit by the expression [r<, rj where i and j denote the 
orders of any two of the three observations ; also, in gen- 
eral, we denote the three coordinates of the first, second, 
and third observations by the subscripts 1, 2, 3 respect- 
ively. Now the ratios of the triangles [r^, rj are equal 
to the ratios of their projections on any plane, which may 
be expressed thus : 



(21) 



[n>^8] ^y%-yvH 



Let now ar^, y,, ^. 



-37 9 -TT * -^ b® taken as the 

at at ' at 



zero-values of the coordinates and velocities in the ex- 
pansions (19) and (20). Then we get 



y, = A^,-hB,^ 



aj, =r A^^-^-B^ 



~dt 



(22) 



where A^, B^, A^, B^ are defined by 
(23) 



, 5, = (*,-«o-i^^V 



Now, the series (22) are all convergent within the same 

dx dt/ 
circle. It follows that, since a;,, y,, -=-^ , -p are not in 

at dt 

general equal to zero, the series (23) are also convergent in 
this same circle (see Chbystal's Algebra, Vol. II, p. 178, 5). 
It follows also, since for such series the law of distribution 
holds (Ibid, pp. 142-143), that the products A^B^ and A^B^ 
are also convergent series. Hence, from the law of ad- 
dition, we have that A^B^ — A^B^ is also convergent.* 
(Ibid, p. 141). 

* Prof. Harzer, in Kiel Publications, Vol. XI, Sect. 2, has shown 
from a direct consideration of the series by processes of successive 
simplifications and diminisliing of the realm of convergency, that 
the time-iutervals may be taken small enough so that the series con- 
verge.. The same result can be inferred from Jordan's Cours 
d' Analyse, Vol. Ill, p. 99. These results are of little practical value 
because the radius found differs so widely from the true value. By 
the method of this paper we have the upper limit of the time-intervals 
for which the series are convergent and that for any e(ue that may 
arise whatever. 
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We are now at liberty to substitute the values of x^y y^, 
a-g, y,, as given by (22) in the ratios on the right of (21). 
We get after the substitution indicated, and by cancelling 



(24) 









the factor 
ratio,* 






-y^ 



~di 



from the two members of the 






■....] 






(<.-^)[c<.-M(^-^) -(<»-^)'] ^^'•i 



d^ 



■■] 



where A^y B^, ^,, -B,, have the meaning given by (23). 

Now, B^ and B^ are series with arguments t^—t^ and 
t^—tj respectively. They hold: t.e., are convergent, as 
long as ^1—^2 *^^ ^--^« ^^y *'^® relations 



U.-<,l<?'JJ(*,-n)'+i 



(25) 



■3\p' 



M,-«,l< 



l'J>-")'+l 



Also the series A^B^—ByA^, which has two arguments, viz. : 
fj— ^3 and ^,—^5, is convergent so long as (25) hold. 

16. The Zeroes of B^ and A^B^—B^A^, If ^j should 
vanish, or if A^B^—B^A^ should vanish, then the fractions 
on the right of (24) evidently would no longer be legiti- 
mate. As to this question we state two theorems which 
are easily proved ; but the proofs of which are too long to 
present here. They are as follows : 

Theorem I. The expressions Xyy^^-y^pc^ and x^y^—y^x^ 
can vanish only for real values of v^—v^ . 

Theorem II. In all cases where the times of the obser- 



vations are distinct, and where the differences of the longi- 
tudes of the comet in its orbit are not equal to an odd 
multiple of ir, the expression (r< , r^) cannot vanish, and 

the expressions -=r? , --r-r. — ^ rr-r ^^^ legitimate fractions 
Bx AyB^—ByA^ 

which may be expressed as series, each of which is con- 
vergent for all 

K-^j|<|-Vi+V and |^-M<|^vrf^ 

The first terms of these series are written out in the 
right members of (24). 

Computation by Use of the Series, The fractions on the 
right of (24) have both numerators and denominators in 
the form of series. Their radius of convergency is 

p\ 3 

-B, = g- Vl-h^s* r wl^ere t, = -, («,-/!) 

If we make k = ^, the last line of the following table will 
give the corresponding maximum intervals of time in days 
for different values of p for which the series are convergent 
when t^ is taken equal to 77: 















Table I. 


















p 


4.0 


3.0 


2.6 , 2.0 


1.6 


1.25 


1.0 


.8 


.6 


.4 


.25 


.2 


.1 


.08 


.06 


.02 


? 


2.0 


1.6 


1.26 


1.0 


.76 


.63 


.6 


.4 


.3 


.2 


.125 


.1 


.05 


.04 


.025 


.01 


da 


160.0 


103.4 


79.8 


66.0 


36.2 


27.4 


20.0 


14.1 


9.0 


6.0 


2.6 


1.8 


.6 


.44 


.22 


.06 



It is evident that for any particular value of p the time- 
intervals should be well within the limit of values for 
which the series are convergent. This is especially true 
if we would have the most rapid convergence — a thing 
most desirable from the standpoint of the computer. In 
fact, as is well known, it is imperative to have this con- 
vergence so rapid that at most but one or two terms will 
give sufficiently approximate values of the ratios. The 
reason for this is at once evident when we consider that 
the series are transcendental in character. Thus the 

quantities -~ and r, which enter into the terms higher 

than the first are essentially unknown from the start, and 
cannot even be guessed at with any degree of certainty 
until an approximate value of p has been obtained. It 

Beloit College, Beloit, Wis, 



cannot be too strongly insisted upon, therefore, that, in 
order to get the closest determination of the ratios of the 
triangles, the greatest care must be taken to secure a set 
of time-intervals which, by their coordination with the 
parameter of the orbit in hand, will make the series rapidly 
convergent. It is true that this is more or less a question 
of trial to start with ; yet when a value of p has been once 
computed by means of any set of time-intervals, it will be 
seen at once whether the value so obtained is one for which 
the series are sufficiently convergent for the time-intervals 
employed. If this is not the case, then new time-intervals 
should be taken and the computation made over again. 

*Prof. Harzer, in /.c, Sect. 1, has carried the expansion to 
the 10th degree in the time-intervals. 
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OBSERVATIONS OF HELIOMETER COMPARISON-STARS, 

MADK WITH THE 6-INCH TRANSIT CIRCLE OF THE U. 8. NAVAL OBSERVATORY, 

By Professor M. UPDEGRAFF and Computer J. C. HAMMOND. 
[Communicated by Captain C. M. Chester, U.S.N., Superintendent.] 



The following are the results of observations of the stars 
comprising the last five lists of heliometer comparison-stars 
proposed by Sir David Gill, H.M. Astronomer, Cape of 
Good Hope, in his circular of April 2, 1901. They are a 
continuation of the lists published in A,J., No. 528. 

The same notation has been employed as in the publi- 
cation of the previous lists. The instrument was reversed 
during each series except that for Uranus, The mean 

Fundamental Stars, 1902.0. 



epochs of the observations are in the order of the lists, 
1902.67, 1902.62, 1902.62, 1902.65 and 1902.80 respectively. 

On the nights that Mr. Hammond observed, the micro- 
scopes on Circle A were read, and all the recording was 
done by Mr. H. R. Morgan. 

The lists here given and those in A.J. No. 528 are not 
corrected for magnitude equation. 



Star 


Mag. 


R.A. 


Decl. 


Sur 


Mag. 


R.A. 


Decl. 


(T Scorpii 


3.1 


b m s 

16 15 13.810 


-25° 2l' 28^05 


ir Capricomi 


5.2 


20 21 42.760 


-18° 31 59^01 


p Ophiuchi 


4.7 


16 19 42.392 


-23 13 14.79 


V Capricomi 


6.4 


20 34 28.324 


-18 29 1.46 


T Scorpii 


2.9 


16 29 46.810 


-28 46.36 


$ Capricomi 


4.2 


21 26.360 


-17 37 20.97 


fi Sagittarii 


4.0 


18 7 54.139 


-21 5 4.77 


t Capricomi 


4.3 


21 16 47.479 


-17 15 7.34 


8 Sagittarii 


2.8 


18 14 43.213 


-29 52 11.76 


y Capricomi 


3.8 


21 34 39.757 


-17 6 18.18 


\ Sagittarii 


2.9 


18 21 55.370 


-25 28 33.98 


K Capricomi 


4.8 


21 37 11.221 


-19 18 47.07 


30 Sagittarii 


6.1 


18 44 57.006 


-22 16 27.65 


8 Capricomi 


3.0 


21 41 37.976 


-16 34 19.65 


IT Sagittarii 


3.0 


19 3 56.174 


-21 10 46.44 


A Aquarii 


3.9 


22 47 30.144 


- 8 6 4.16 


\lf Sagittarii 


4.9 


19 9 31.920 


-25 25 32.83 


j8 Fiscium 


4.6 


22 58 63.397 


+ 3 17 32.54 


d Sagittarii 


5.0 


19 11 64.089 


-19 7 38.97 


^ Aquarii 


4.4 


23 9 14.839 


- 6 34 38.61 


Aj Sagittarii 


4.6 


19 30 44.654 


-25 6 0.31 


k Piscium 


4.6 


23 37 2.763 


+ 1 14 26.40 


f Sagittarii 


5.1 


19 40 38.766 


-19 59 48.60 


25 Piscium 


6.3 


23 48 3.590 


+ 1 32 44.72 


62 Sagittarii 


4.6 


19 56 38.001 


-27 68 66.88 ' 


27 Piscium 


5.0 


23 53 39.361 


- 4 6 58.66 


4 Capricomi 


6.0 


20 12 16.977 


-22 6 46.01 


30 Piscium 


4.7 


23 56 66.055 


- 6 33 31.31 


p Capricomi 


3.2 


20 15 30.391 


-16 6 27.66 











Stars for Uranus, 1901, 1902, 1903 and 1904. 
Observers, UPDEGRAFF and HAMMOND. 



Star 


Mag. 


R.A. 1902.0 


Decl. 1902.0 


Obs. 


Star 


Mag. 


B.A. 1902.0 


Decl. 1902.0 


Obs. 


a 


5.7 


h m 8 

16 36 7.95 


-19° 44 13^6 


5 


y 


6.6 


h ni • 

17 29 24.73 


-21° 68 4L4 


4 


h 


8.0 


16 37 12.49 


-21 9 23.3 


3 


z 


8.0 


17 29 33.76 


-24 33 40.4 


4 


c 


6.5 


16 39 14.92 


-23 6.4 


6 


a 


7.9 


17 31 49.57 


-23 19 43.2 


4 


d 


8.7 


16 43 14.15 


-20 16 69.6 


2 


/3 


6.3 


17 32 51.45 


-21 51 17.4 


4 


e 


7.0 


16 43 44.24 


-21 40 49.8 


4 


y 


7.8 


17 34 61.15 


-23 47 1.0 


5 


f 


8.5 


16 44 4.58 


-23 16 41.3 


2 


8 


6.0 


17 37 33.42 


-21 38 9.0 


4 


g 


7.3 


16 48 47.11 


-21 43 10.3 


6 


TT 


8.8 


17 38 53.04 


-24 38 27.2 


4 


h 


5.6 


16 50 53.31 


-22 50 41.7 


5 


€ 


8.3 


17 39 8.51 


-22 50 46.5 


4 


k 


7.0 


16 54 39.20 


-21 18 46.2 


5 


P 


7.4 


17 43 57.85 


-24 10 30.7 


4 


I 


7.5 


16 57 26.42 


-23 39.7 


6 


/* 


8.7 


17 44 45.31 


-21 64 6.4 


4 


m 


6.6 


17 20.64 


-21 26 44.8 


5 


^ 


7.0 


17 45 10.89 


-22 53 27.3 


4 


n 


8.7 


17 2 38.13 


-23 5 53.0 


4 


<r 


6.2 


17 48 52.08 


-24 52 3.8 


4 





. 7.7 


17 6 28.34 


-22 48 21.2 


4 


X 


7.0 


17 50 27.35 


-21 66 22.8 


4 


P 


6.8 


17 6 47.60 


-21 29 14.9 


4 


V 


8.0 


17 50 31.80 


-23 22 27.9 


4 


q 


7.0 


17 12 7.94 


-23 57 54.1 


4 


$ 


4.6 


17 53 48.52 


-23 48 26.3 


4 


r 


8.8 


17 12 59.96 


-22 36 12.5 


4 


V 


8.1 


17 53 57.50 


-25 4 46.0 


3 


8 


4.5 


17 15 7.77 


-21 28.9 


6 


i 


6.0 


17 65 68.15 


-22 46 40.7 


6 


t 


8.0 


17 17 17.27 


-22 54 64.6 


4 


T 


6.6 


17 59 9.89 


-24 24 14.1 


5 


u 


'6.5 


17 18 50.29 


-21 21 0.8 


5 


V 


6.4 


18 1 18.68 


-21 27 15.1 


4 


V 


4.5 


17 20 23.07 


-24 5 8.2 


4 


B 


8.3 


18 1 48.32 


-23 6 58.8 


3 


w 


8.5 


17 22 46.69 


-22 29 59.6 


5 


't> 


5.3 


18 6 44.51 


-23 43 16.4 


6 


X 


4.9 


17 25 26.13 


-23 53 13.9 


5 













Probable error of a single observation in a, O'.OIO ; in 8, 0'.30 for Circle A, O'.SS for Circle B. 
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Stars for Saturn and Jupiter, 1901. 
Observers, UPDEGRAPF and HAMMOND. 



star 


Mag. 


R.A. 1902.0 


Decl. 1902.0 


Obs. 


SUr 


Mag. 


R.A. 1902.0 


Decl. 1902.0 


Obs. 


a 


5.9 


h m s 

18 27 64.27 


-24° 6'2o!o 


7 


m 


8.0 


18 45 51.64 


-24° 46' 10*5 


6 


b 


8.0 


18 29 26.55 


-22 10 3.9 


6 


n 


6.0 


18 48 15.18 


-22 61 56.4 


7 


c 


6.3 


18 32 2.36 


-21 28 44.3 


6 


q 


3.5 


18 61 63.03 


-21 14 8.6 


6 


d 


6.8 


18 32 33.12 


-23 36 19.6 


6 


r 


6.5 


18 55 43.30 


-22 60 1.0 


6 


6 


6.2 


18 36 53.01 


-23 65 29.7 


7 


s 


3.9 


18 68 48.66 


-21 53 7.0 


6 


f 


7.3 


18 37 25.72 


-22 30 23.0 


6 


t 


7.1 


19 2 49.22 


-23 20 40.0 


6 


g 


6.7 


18 38 48.14 


-25 6 34.1 


6 


u 


8.6 


19 3 37.85 


-22 .32 1.9 


6 


h 


5.6 


18 40 26.05 


-22 29 42.0 


6 


V 


3.1 


19 3 56.17 


-21 10 46.5 


6 


k 


8.4 


18 41 68.91 


-23 21 49.2 


6 


w 


7.3 


19 8 16.76 


-22 13 38.0 


6 


I 


6.1 


18 44 57.06 


-22 16 28.0 


6 


Note : p too faint to observe. 



Probable error of a single observation in a, 0«.016 ; in 8, 0''.23 for Circle A, U'.27 for Circle B. 



Stars for Saturn, 1902. 
Observer, UPDEGRAFF. 



Star 



Mag. 



R. A. 1902.0 



Decl. 1902.0 



Obs. 



SUr 



R.A. 1902.0 



Decl. 1902.0 



Obs. 



a 
h 
c 



5.1 
7.2 

8.2 



h m t 

19 40 38.77 
19 40 42.13 
19 44 25.61 



-19 59 48.4 
-21 45 39.9 
-23 1 36.7 



4 
6 

7 



d 

e 

f 



8.2 
6.7 
7.0 



h m • 

19 46 8.67 
19 53 46.76 
19 54 48.28 



-19 56 43.9 
-22 28 37.2 
-20 7 29.8 



Probable error of a single observation in a, 0*.024 ; in 3, 0'.38 for Circle A, 0'.35 for Circle B. 



Stars for Jupiter, 1902, and Saturn, 1903. 
Observers, UPDEGRAFF and HAMMOND. 



star 


Mag. 


R.A. 1902.0 


Decl. 1902.0 


Obs. 


SUr 


Mag. 


R.A. 1902.0 


Decl. 1902.0 


Obs. 


«e 


6.6 


20 24 16.88 


-18°64'27!6 


6 


n 


7.0 


20 46 39.90 


-20° o'39!6 


6 


z 


8.3 


20 27 44.93 


-21 13 49.3 


7 


m 


6.9 


20 47 57.17 


-19 29 0.9 


7 


y 


7.8 


20 28 49.62 


-19 43 67.0 


6 


I 


6.0 


20 49 16.67 


-18 17 40.3 


6 


X 


8.5 


20 29 49.78 


-18 7 26.6 


7 


a 


6.2 


20 54 2.10 


-19 24 66.0 


7 


w 


7.2 


20 30 46.26 


-20 66 26.7 


6 


b 


6.6 


20 65 20.88 


-17 54 47.2 


6 


V 


8.7 


20 33 56.27 


-20 68.2 


7 


c 


8.0 


20 68 29.93 


-18 29 56.9 


7 


u 


5.3 


20 34 28.30 


-18 29 1.4 


6 


d 


4.3 


21 26.36 


-17 37 20.4 


6 


t 


8.8 


20 36 26.33 


-21 37 26.3 


7 


e 


6.9 


21 1 56.72 


-19 28 49.0 


7 


s 


7.3 


20 38 18.65 


-19 41 44.1 


6 


f 


7.7 


21 4 41.60 


-16 6 69.2 


4 


r 


8.0 


20 41 2.64 


-17 31 8.0 


6 


g 


8.3 


21 4 63.67 


-17 21 21.6 


4 


q 


8.0 


20 41 48.18 


-18 68 46.2 


7 


h 


8.0 


21 6 1.20 


-18 43 44.9 


4 





8.0 


20 43 35.29 


-20 69 16.2 


6 


k 


6.4 


21 9 37.70 


-17 46 2.3 


6 


P 


6.7 


20 43 47.08 


-18 23 61.2 


7 













Probable error of a single observation in a, 0«.020 ; in 8, 0'.39 for Circle A, 0'.32 for Circle B. 



Stars for Jupiter, 1903. 
Observer, HAMMOND. 



Star 


Mag. 


R.A. 1902.0 


Decl. 1902.0 


Obs. 


Star 


Mag. 


R.A. 1902.0 


Decl. 1902.0 


Obs, 


a 
b 
c 
d 
e 

f 


4.2 
5.7 
6.5 
6.5 
8.0 
8.9 


h m 8 

23 9 14.86 
23 14 19.16 
23 15 11.04 
23 16 37.79 
23 16 10.58 
23 19 44.81 


-6° 34 38*8 
-6 39 36.6 
-4 27 9.4 
-6 26 34.9 
-7 33 36.1 
-5 35 3.8 


12 
6 
4 
4 
4 
7 


g 
h 

i 

k 
I 


7.0 
8.2 
6.3 . 
6.8 
7.2 


b m 8 

23 21 30.36 
23 21 35.73 
23 24 28.13 
• 23 25 57.96 
23 28 25.83 


t 

-7 8 46.6 
-5 46 18.0 
-6 4 0.2 
-6 49 40.4 
-4 56 32.1 


6 
6 
6 
6 
6 



Probable error of a single observation in a, 0«.014 ; in 8, 0'.25 for Circle A, 0'.18 for Circle B. 
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OBSEKVATIONS OF COMET h 1902 (pebbine),* 

MADE WITH THE 26-INCH REFRACTOR OF THE LEANDER MCCORMICK OBSERVATORY, 

By J. P. McCALLIE. 



1902 Charl. M.T. 


* 


Comp. 


Ja 


J8 


App.a 


App. 8 


logpA 


Red. to 


App. PL 


Sept. 10 12" 7" 1' 


1 


5,10 


m B 

-1 8.71 


+ 4'3o!l 


h m • 

3 3 53.42 


+39°18'55!l 


710.867 


0.221 


+4'.43 


+ 2.1 


27 14 39 24 


2 


8,6 


-1 34.68 


+ 2 36.8 


46 57.21 


+65 16 62.0 


0.836 


»»0.215 


+6.01 


+ 18.5 


28 16 13 


3 


10,8 


+ 1 19.01 


+4 43.9 


22 42.46 


+56 11 0.5 


1.052 


9.736 


+5.92 


+ 2] .8 


29 15 41 59 


4 


10,8 


-1 33.84 


-3 38.0 


23 57 21.79 


+56 46 42.9 


1.058 


9.643 


+ 5.80 


+ 24.3 


Oct. 1 14 39 10 


5 


10,8 


+ 1 22.01 


+4 18.4 


23 14.05 


+ 56 62 11.8 


0.987 


n9.904 


+ 6.11 


+30.2 


7 13 2 31 


6 


8,8 


-1 18.53 


-3 69.1 


20 6 0.70 


+44 16 13.7 


0.986 


0.587 


+ 2.55 


+34.6 


8 12 52 36 


7 


10,8 


+ 1 43.29 


+ 2 38.4 


19 45 45.69 


+40 48 14.5 


0.961 


0.640 


+2.33 


+33.2 


14 10 10 18 


8 


dU , 12 


-0 0.38 


+4 22.8 


18 29 54.36 


+21 12 0.2 


0.862 


0.653 


+ 2.02 


+23.9 


17 8 60 30 


9 


8,8 


+ 1 10.29 


-1 13.0 


18 8 54.27 


+ 13 45 8.2 


0.816 


0.660 


+1.99 


+20.0 


21 7 54 15 


10 


10,8 


+ 37.83 


+6 0.8 


17 49 7.82 


+ 6 13 32.1 


0.786 


0.698 


+2.03 


+ 16.1 


22 7 55 48 


11 


d 8,8 


-0 28.84 


-1 40.1 


17 45 3.1 


+ 4 39.9 


0.793 


0.709 


+2.04 


+ 16.4 


24 7 31 3 


12 


8,8 


-0 54.20 


-6 50.7 


17 38 1.89 


+ 1 56 31.8 


0.782 


0.722 


+2.05 


+ 14.0 


28 7 6 33 


13 


dl4,12 


-0 16.88 


-2 15.6 


17 26 6.95 


- 2 29 45.1 


0.786 


0.743 


+ 2.04 


+ 11.4 


29 6 30 39 


14 


6,5 


-2 55.86 


+3 35.5 


17 23 30.1 


- 3 24.8 


0.751 


0.750 


+2.05 


+ 11.1 


31 6 11 3 


15 


4,4 


-3 1.40 


-8 6.0 


17 18 26.64 


- 5 7 54.0 


0.742 


0.759 


+2.04 


+ 10.4 


Nov. 1 6 9 42 


16 


8,8 


+ 1 13.08 


-7 2.3 


17 15 59.89 


- 6 55 27.5 


0.750 


0.762 


+2.02 


+ 9.6 



Mean Places of Comparison- Stars for the beginning of the year. 



* 


a 


8 


Authority 


* 


a 


8 


Authority 




h m • 


/ f 






h ni • 


O / K 




1 


3 4 57.70 


H-39 14 22.9 


Lund, A.G. 1634 


9 


18 7 41.99 


+ 13 46 1.2 


Leipzig I, A.G. 6476 


2 


48 25.88 


-^-bb 12 56.7 


Camb., (U.S.) A.G. 400 


10 


17 48 27.98 


+ 67 15.6 


Leipzig II, A.G. 8141 


3 


21 17.52 


+ 56 5 54.8 


Hels.-Gotha, A.G. 322 


11 


17 45 29.9 


+ 4 41.3 


DM. +4'3623 


4 


23 68 49.83 


-h56 49 6^,^ 


Hels.-Gotha, A.G.14633 


12 


17 38 64.02 


+ 2 3 7.7 


Albany, A.G. 6893 


6 


.22 58 46.93 


-1-56 47 23.2 


Hels.-Gotha, A.G. 13683 


13 


17 26 20.78 


- 2 27 41.2 


Paris III, 22273 


6 


20 7 16.68 


-h44 19 38.0 


Bonn, A.G. 13855 


14 


17 26 23.9 


- 3 28.6 


DM. -3°4120 


7 


19 44 0.07 


-1-40 45 3.0 


Bonn, A.G. 13394 


16 


17 21 25.97 


- 4 69 59.0 


Paris III, 22116 


8 


18 29 52.74 


-1-21 7 13.8 


Berlin B, A.G. 6540 


16 


17 14 44.76 


- 5 48 35.4 


Paris III, 21919 



NOTES. Those comparisons marked d were taken directly by micrometrical measurements. — Corrections for refraction have been made 
Oct. 7. Seeing 2. Images fuzzy. — Oct. 17. Seeing 1. Comet very faint. Hazy and full moon. — Oct. 21. Tail extends across 5-inch 
finder. — Oct. 28. Seeing 3. Slightly tremulous. 



*From Supplement to No8. 5S1-5SS, 



OBSERVATIONS OF COMET b 1902 (pebbine)* 

MADE WITH THE 26-INCH EQUATORIAL AT THE U. 8. NAVAL 0B8ERVAT0BY. 

[Communicated by Captain Colby M. Chester, U.S.N., Superintendent.] 
These observations give ^ correction of +5» in a and — 1'.2 in 8 to the ephemeris of Elis Stromgrex in A.N. 3821. 



1903 Washington M.T. 


* 


Comp. 


Ja 


JB 


App.a 


App. 8 


logpA 


Red. to App. PL 


Feb. 5 ll" cT 8 
*' 5 11 16 47 


1 
1 


23,5 
20,4 


m a 

-hi 37.18 
H-1 32.90 


-5 24^2 
-4 32.7 


h m 8 

8 3 49.73 
8 3 45.45 


-33° 23 32^7 
-33 22 41.2 


n7.890 
8.477 


0.922 
0.922 


-h2!26-17!7 
+2.26-17.7 


Mean Place 


of Comparison- Star for the beginning of the year. 




* 


a 


8 


Authority 






1 


h m • 

8 2 10.29 


-33° 17 50^8 


C.G.C. 10728 





Ja determined by transits. First observation by Frederick, second by Dinwiddie. 



*From Supplement to Noa, 531-53S, 
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THE MISSING DURCHMU8TERUNG STAR + 44^3585, 

By ZACCHEUS DANIEL. 



On 1900 September 14, while examining the region 
near a Cygni with the 10-inch telescope I found the star 
DM. +44**3585, 9".4, missing from the place given on the 
chart. The region was carefully examined on 1900 Oct. 
18, Nov. 14, Dec. 19; 1901 July 20; 1902 Aug. 8, Sept. 
10 ; and 1903 Feb. 5, but no star brighter than the eleventh 
or twelfth magnitude was ever seen within 10' of the 
place. In addition to the dates given above, I have looked 
for the star with the same result, probably at least fifty 
times without recording the observation. 

Bucknell University ^ Lewisburg, Penn.j 1903 February 7. 



The Bonner Stemverzeirhniss contains the following po- 
sition of the missing star : 

a = 20'* 42" 55-.3 ; S - +44** 29'.3 (1855). 
This is 1" 52* following and 9' north of 7456 RR Cygni 
There are two stars of about the twelfth magnitude near 
this position and one of them may be the star in question, 
but that can be determined only by exact measurements, 
which I have not the facilities for making at present. 
However, no variation in the brightness of either star has 
been noticed. 



OBSERVATIONS OF MINOR PLANETS, 

MADE WITH THE 12-INCH EQUATOBIAL AT THE U.S. NAVAL OBSEEVATOBY, 

. By J. C. HAMMOND. 
[Communicated by Captain C. M. Chestkb, U.S.N., Saperintendent.] 



1901 Washington M.T. 


* 


Comp. 


Ja 


Jl 


App.O 


App. 8 


logpA 


1 
Red. to App. FL | 








Eurynome. 


1 


h m ■ 






m t 


1 # 


h m t 


O / t 






t ' 


Aug. 20 10 44 52 


1 


10, 5 


+0 16.46 


+ 6 33.5 


22 9 14.30 


-3 59 17.8 


n9.240 


0.773 


+ 4.10 +25.9 


22 11 46 50 


2 


11 , 6< 


+4 19.23 


-10 56.7 


22 7 26.71 


-4 11 26.1 


n8.541 


0.777 


+ 4.12 +26.0 


Sept. 3 10 45 5 


3 


12,12 


-0 43.27 


+ 6 55.6 


21 67 2.60 


-6 30 3.5 


n8.636 


0.787 


+ 4.17 +26.5 


4 10 28 39 


4 


12,12 


+0 6.12 


- 1 41.6 


21 56 13.63 


-5 36 63.9 


«8.824 


0.788 


+ 4.17 +26.6 , 


7 9 20 7 


5 


12,12 


-0 19.37 


- 45.4 


21 53 61.72 


-5 67 20.0 


n9.235 


0.787 


+ 4.17 +26.7 ; 


9 10 21 38 


6 


28, It 


+ 1 20.26 


+ 6 7.5 


21 52 18.33 


-6 11 22.9 


n8.527 


0.793 


+4.17 +26.6 








Parthenope. 




Oct. 16 9 43 25 


1 7 


|34, It 


-1 30.11 1 - 3 31.3 1 2 41 21.77 


+ 7 27 27.8 1 n9.545 | 0.688 1 +4.51 +18.1 





Mean Places 


of Comparison' Stars for the beginning of the 


year. 


* 


a 


s 


Authority 


* 


a 


S 


Authority 


1 
2 
3 
4 


h m • 

22 8 63.74 
22 3 3.36 
21 57 41.70 
21 66 3.24 


O / a 

-4 6 17.2 
-4 55.4 
-5 37 25.6 
-5 35 39.0 


U.S.N. Obs'yTran.Cir.Po8. 
U.S.N. Obs'yTran.Cir.Pos. 
K Mu.1 30092-f-Mu.II 12203 ) 
U.S.N. Obs'yTran.Clr.Pos. 


5 

6 

7 


h lu » 

21 54 6.92 

21 50 53.90 
2 42 47.37 


-5 57 1.3 

-6 17 57.0 
+ 7 30 41.0 


KMun.1 299744-Rumk, 9700 

-f W.B. XXI, 1209) 
MMun.1 29848 +Schj. 8922} 
Leipzig II, A.G. 1033 



U.S.Naval Observatory, 1903 February 17. 
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METHOD OF FORMING THE RIGHT- ASCENSIONS OF THE CATALOGUE OF 
627 PRINCIPAL STANDARD STARS (A.J. 532-533), 

By lewis boss. 



In developing a new system of right-ascensions of the 
principal stars we must examine the testimony of observa- 
tion from three practically distinct points of view. First, 
we must ascertain the relation of the stars to the moving 
equinox ; secondly, we must find the errors of observation 
depending for their argument on the right-ascension of the 
star observed which, combined with the correction for 
equinox, we designate as /fa^ ; and thirdly, we must evalu- 
ate the errors of observation having declination as the 
argument, Jus, which are due to the failure of the several 
transits to describe an accurate hour-circle on the sky. 

In a subsequent chapter will be exhibited the observed 
values of //««, the personal equation dependent on magni- 
tude of the star observed, for each catalogue of observation. 
From the deductions drawn therefrom it will appear that, 
in a further approximation toward a better system, upon 
the basis of the catalogue under consideration, it will be 
feasible and necessary to take into account this fourth 
factor in the problem ; but in establishing the present sys- 
tem this element was not considered. 

The rigorous treatment of our problem implies the solu- 
tion of equations containing a multitude of unknown 
quantities ; but practically it cannot be handled in this 
form. The solution must be reached through a series of 
approximations taking into consideration the principal 
elements separately and in succession. In the present 
attempt the neglect of terms in Ja„ has doubtless influenced 
the results for //«. and Ja, in a sensible degree, yet this 
effect must always have been minute. With the present 
catalogue as a basis the convergence toward the true result 
ought to be both rapid and satisfactory. 

Corrections Haying: the Form, Jou. 

It will be more convenient to consider first the motion 
of the equinox, together with periodic terms having the 
argument right-ascension. The combination of these terms 
we shall call Ja^ . 

For this purpose I have taken as my starting point the 
right-ascensions of 97 stars contained in the list of ''Time 



Stars " for which Newcomb gives five-year ephemerides in 
his work on Standard Clock and Zodiacal Stars (pp.300-314). 
In general the choice was confined to stars situated between 
4-30° and —20° of declination; but a Scorpii, a Lyrae, 
and a Pise. Austr,, were included. Of the stars between 
the chosen limits of declination, a Can. Maj. and a Can, 
min. were omitted on account of periodicity in proper mo- 
tion ; 11 Orionis, v Orionis, b Ophiuchi, 1 Aquilae, rAquilae, 
1 Fegasi, w Aquariiy and $ Piscium were omitted as in- 
sufficiently observed for the purpose required. The choice 
of- this preliminary system, Nj, presents manifest ad- 
vantages for testing questions relating to z/a. , since both 
points involved have been investigated by Professor New- 
comb, and with a degree of success which leaves little 
opportunity for improvement, even with the aid of the 
additional accumulation of observations which has ap- 
peared since these investigations were made. 

Position and Motion of the Equinox. 

Let us first examine the question^ as to what correction 
may be required for the preliminary right-ascensions, Nj , 
on account of error in the adopted equinox. This equinox 
was established in Newcomb's work oti the Equatorial 
Fundamental Stars, and includes the testimony of obser- 
vations down to about 1870. 

Subsequently, in the course of his planetary investi- 
gations, Professor Newcomb had occasion to investigate 
anew the position and motion of the equinox. From 
observations of the sun he found as the correction to the 
right-ascensions of Nj (Astronomical Constants, pp. 88 and 
96), 

-f0".07 -0^34 T 

wherein T is the interval in centuries from 1860. He also 
derives similar corrections through the observations of 
Mercury, Venus, and Maj^s, and combining these with the 
result from solar observations, in a manner not readily 
presented in brief, obtains as the correction for Nj , 



-0".48 -f0".30r 



(59) 
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Later, (A.J,, XV, p. 188) Professor Nrwcomb gives as re- 
vised values of the secular tenns, —0^37 Tand -^O'^AO T 
as the results, respectively, for observations of the sun 
alone and of these in combination with those of the 
planets. 

The question whether the result from observations of 
the planets should have any weight is one which cannot be 
decided off-hand; but it may fairly be doubted whether 
the relative weight for the planetary observations should 
be so great as that which Professor Nbwcomb has assigned. 
For the further purposes of this investigation I prefer to 
employ a result from solar observations alone. 

In looking over Professor Nbwcomb's tables from which 
his a-k-dV and dV are computed (pp. 22 and 30, Astro- 
nomical Constants) it will be seen that considerable weight 
has been attributed to the older observations to which I 
have attached no weight in forming the present system of 
right-ascensions. In discussions of this kind for the de- 
termination of fundamental quantities it seems to me that 
there are few meridian observations of a date earlier than 
1820 which deserve any consideration whatever. In the 
discussion of secular terms the apparent advantage of em- 
ploying these older observations is very tempting ; but it 
can be shown that these supposed advantages are really 
illusory, since the unknown systematic errors of these older 
observations are liable to be so great in comparison with 
those of the more precise modern observations as to over- 
balance the advantage due to the greater interval. A 
strong illustration of this fact will be found in the com- 
parison of the declinations of Auwbrs's reduction of Bbad- 
lby's observations with those of the present Standard 
Catalogue. 

In the present instance, however, Professor Nbwcomb's 
employment of the older observations has not materially 
influenced the result. I have taken fi*om his tables the 
observed values of c(=a4-(£Z") and dV which result from 
observations of mean date, 1820 and later, except that in 
the case of the Paris results I have not employed the obser- 
vations made previous to the mean for 1837. Adopting 
Nbwcomb's weights, I have solved the equations for c and 
dl" with the following result for the correction of the right- 
ascension of Nj : 

-h0".04 -0".28r 

in which T is the interval in centuries from 1850. This is 
almost precisely the same as that already cited which 
Nbwcomb obtains from all the observations of the sun. 

The latest observations included in Professor Newcomb's 
results are those of Greenwich for 1892. lu A,J., XXI, 
141-2, Professor Nbwcomb discusses the Washington ob- 
servations of the sun, 1894-1899, and finds for the correc- 
tion of the right-ascension of Nj : 

-f0*.009 



He also shows that a combination of the equinox determi- 
tions at Greenwich, 1893-1899, results in a similar cor- 
rection to Nj of 

4-0«.005 

From Nbwcomb's discussion of the solar observations to 
1892 already cited (see Astronomical Constants) the correc- 
tion of Nj for 1896 would be 

-0«.015 
As previously shown this is confirmed by the discussion 
which excludes observations earlier than 1820. But, since 
the Washington observations would give a correction of 
— 0*.053, in the mean to Professor Newcomb's ephemeris 
right-ascensions of the sun, he finally expresses the opinion 
that, at the date in question, the system, N^, appears to 
require a correction of +0*.02 or +0".03. 

Without prolonging the examination further I think it 
may safely be stated that, so far as the existing determi- 
nations of the position and motion of the equinox from 
observations of the sun throw light on the question, it i& 
uncertain whether the position of the equinox upon which 
Ni is founded requires a positive or a negative correction 
at any epoch. Because I am actually in doubt upon thia 
point I have not ventured upon any correction whatever. 
I have adopted the equinox of Nj, preferring to await a 
new influx of determinations before attempting to correct 
it. It is earnestly to be hoped that these will soon be 
offered not from Greenwich only, but also from many other 
observatories situated in latitudes more favorable for the 
purpose. 

Examination of Nj as to the Periodic Part of Ja.. 
The system, Nj , may be regarded as having been estab- 
lished after an exhaustive and trustworthy discussion of 
systematic errors depending on the right-ascension. This 
may be regarded as the special feature of Nbwcomb's work 
on the equatorial fundamental stars. He called the atten- 
tion of observers to the special means whereby such errors 
could be eliminated from their observations ; and his pre- 
cepts have been followed with effect at the Greenwich 
Observatory and elsewhere. At the same time very little 
has been contributed during the last thirty years which can 
be utilized as an independent test of Nj as to periodic errors 
in /la^, I think the following short table comprises all of 
these contributions. The numbers are in the sense of cor- 
rections to Nj , and result from final comparison with my 
catalogue of 627 standard stars, which virtually represents 
it. The comparison includes all stars between -f 30® and 
—22** of declination. 



Observatory 

Pulkowa, 1865 
Greenwich, 1882 
Pulkowa, 1884 
Greenwich, 1894 



Corrections to Nj 
-o!o022 sin a 4-0.0033 cos a 



4-0.0038 
-0.0028 
-0.0001 



-0.0026 
4-0.0056 
-0.0001 
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As will be seen the corrections are practically insignifi- 
cant. If we combine the three later determinations, giving 
Greenwich 1882 half weight, because during that period 
the process of eliminating an initial periodic error in the 
right-ascensions was in progress, we have as the correction 
toN,: 

1888, -0«.0004sina +0-.0017 cos a 

A very slight alteration in the method of comparison, 
either as to the limits of declination employed, or as to the 
representative of Nj, might alter these numbers either way 
by more than their entire amount. 

It might also be remarked that in Volume II (p. (vii)) of 
the Strassburg Annals there is a quasi determination of the 
periodic correction, zia., required for the Fundamental- 
Katalog of Dr. Auwers. From this I find, 

+ 0\0135sina 4-0\0076 cos« 

as the corresponding correction of Nj . But under the cir- 
cumstances set forth in the discussion cited this cannot be 
regarded as entitled to very great weight. 

For the foregoing reasons I have considered the Cata- 
logue of 627 Standard Stars to require no present revision 
as to errors of the form /la, . 

It seems rather surprising that so little attention by 



recent observers has been given to the elimination of this 
form of error in their observations. Whenever, for any 
reason, observations of the stars are made in the daytime, 
it is comparatively easy to arrange the night observations 
in such a way as to render this elimination possible. 
There has been no period in the history of astronomy when 
such strenuous attention has been given, as now, to the 
perfection of clocks and of their installation. Elaborate 
meridian marks have been established. Thus the means 
exist for the most rigorous determination of the periodic 
part of the error, z/a. , in the adopted right-ascensions of 
the observing lists ; and yet they are seldom employed for 
this purpose. In order to appreciate the situation, one has 
only to cite the observations of Bessel, Struve, and other 
observers near their time, who used ordinary clocks exposed 
to the extreme variations of temperature in the observing 
rooms,, and who were yet able to produce systems of funda- 
mental right-ascension almost wholly free from error of 
this form. 

Table I exhibits the final results for determination of 
^a., derived from a comparison of each catalogue of obser- 
vation with the right-ascensions of the Catalogue of 627 
Standard Stars between the limits of -f 30** and —22** of 
declination, — the constant part, at the same time, being 
determined from the limits, +37**.5 to —22**. 











TABT<E I. 












List of Final Detebmikations of J«. fob the Pbincipal Catalogues. 




Greenw. (A-B), 


1755 


-0.079 


-0.010 sin « +0.004 cos« 


Brussels, 


1865 


+0.050 


-0.037 sin « +0.018 cos a 


K6nig8b.(North) 


,1820 


-0.034 


0.000 


0.000 


Harvard, 


1865 


-0.028 


-0.017 


-0.004 


K6nig8b.(Zod.), 


1823 


+ 0.025 


+0.014 


-0.009 


Pulkowa, 


1865 


-0.005 


+ 0.002 


-0.003 


Dorpat, 


1824 


-0.020 


+ 0.011 


+0.004 


Melbourne, 


1867 


+0.035 


-0.033 


+0.015 


Cape, 


1830 


+ 0.013 


+ 0.032 


+0.014 


Washington, 


1871 


-0.001 


-0.003 


-0.002 


Abo, 


1829 


+ 0.015 


+ 0.003 


-0.001 


Greenwich, 


1872 


+0.029 


-0.007 


+ 0.010 


Greenwich, 


18.30 


-0.062 


-0.009 


+0.001 


Madras, 


1875 


+0.047 


+0.004 


-0.005 


St. Helena, 


1832 


-0.046 


0.000 


-0.019 


Harvard, 


1875 


-0.006 


+0.001 


-0.007 


Cape, 


1833 


+ 0.021 


-0.003 


-0.014 


Pulkowa, 


1876 


+0.002 


+0.005 


-0.005 


Cambridge, 


1831 


-0.024 


-0.004 


+0.005 


Paris, 


1876 


+0.040 


-0.024 


+ 0.018 


Madras (D), 


1835 


-0.052 


+0.017 


-0.010 


Cape, 


1876 


+ 0.037 


-0.006 


+ 0.009 


Cape, 


1837 


-0.004 


-0.011 


+0.002 


Cordoba, 


1877 


0.000 


-0.032 


+ 0.022 


Greenwich, 


1838 


+0.082 


-0.028 


+0.012 


Melbourne, 


1877 


+ 0.034 


-0.010 


+0.021 


Greenwich, 


1844 


+0.023 


-0.018 


+ 0.017 


Greenwich, 


1882 


+0.035 


-0.004 


+ 0.003 


Kadcliffe, 


1845 


-0.023 


-0.024 


+0.046 


Cape, 


1883 


+0.019 


-0.011 


+0.004 


Paris, 


1845 


+ 0.025 


-0.008 


+0.002 


Pulkowa, 


1884 


+0.020 


+ 0.003 


-0.006 


Pulkowa, 


1845 


+0.023 


0.000 


-0.004 . 


Radcliffe, 


1885 


+0.017 


-0.002 


+0.008 


Santiago, 


1851 


+0.004 


-0.008 


+0.008 


Strassburg, 


1886 


+ 0.016 


-0.002 


-0.001 


Greenwich, 


1851 


0.000 


-0.015 


+ 0.011 


Cape, 


1889 


+0022 


-0.005 


+ 0.002 


Washington, 


1856 


+0.015 


-0.024 


+0.017 


Madison, 


1890 


+0.008 


-0.002 


0.000 


Greenwich, 


1857 


+0.019 


-0.009 


+0.016 


Berlin, 


1890 


+0.020 


-0.004 


+ 0.001 


Badcliffe, 


1857 


+0.032 


-0.017 


+ 0.002 


Lisbon, 


1890 


+0.016 


-0.001 


-0.002 


Cape, 


1859 


+0.024 


-0.012 


+0.010 


Greenwich, 


1894 


+0.045 


0.000 


0.000 


Paris, 


1860 


+0.038 


-0.018 


+0.012 


Mt. Hamilton, 1895 


+0.028 


-0.004 


-0.004 


Melboarne, 


1862 


+0.047 


-0.030 


+0.015 


Berlin, 


1896 


+ 0.020 


-0.002 


+0.002 


Greenwich, 


1864 


+0.032 


-0.009 


+ 0.009 


Albany, 


1898 


0.000 


0.000 


0.000 


Cape, 


1865 


-0.012 


0.000 


-0.001 
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In all cases I have taken the formula, a sina-^ b cos a, 
as the expression to be adopted for the periodic part of 
J«.. This expression is naturally suggested by the asso- 
ciation of the observations with the annual cycle of the 
seasons, and with the diurnal range of temperature. It is 
doubtless true that in particular instances the real correc- 
tions may deviate quite sensibly from this form, but the 
result of my experience is that this formula usually repre- 
sents the observed residuals for Ja^ in a satisfactory man- 
ner. But, even were this formula more deficient than it 
actually is in the representation of the errors of observa- 
tion, a strong reason for its adoption would still exist in 
the requirements of investigations based upon a study of 
observed right-ascensions. The formulas for determination 
of precession and solar motion, for instance, contain terms 
of the form, a sin a-h b cos a ; so that in preparing obser- 
vations for such an investigation it would be more desirable 
to remove all vestiges of an error of this fprm than it 
would be to have even a more exact removal of the errors 
of observation on the whole associated with a less perfect 
removal of the periodic term. In fact, curve-drawing in 
the representation of residual phenomena should be looked 
upon as an unsatisfactory process to be avoided whenever 
practicable, and when circumstances warrant the use of a 
formula. 

The original values of Ja., which I obtained from com- 
parison with Nkwcomb's Standard and Zodiacal Stars in 
the manner already described, do not differ very materially 
from those of Table I in the case of any important cata- 
logue. Following are the values of Ja^ , employed through- 
out the computations for the catalogue, for which the 
differences from the corresponding values from Table I are 
much larger than usual. 

Dorpat, 1824 -0*020 -f 0.010 sin a +0.008 cos a 

Cape, 1837 -0.004 -0.016 -0.002 

Greenwich, 1838 +0.076 -0.033 +0.007 

Greenwich, 1857 +0.019 -0.013 +0.017 

Melbourne, 1862 +0.047 -0.024 +0.014 

Harvard, 1865 -0.024 -0.010 -0.008 

' Melbourne, 1867 +0.035 -0.034 +0.010 

Cordoba, 1877 +0.002 -0.028 +0.018 

Radcliffe, 1885 +0.017 -0.008 +0.008 

Investigration of JBrrors having the Form, Ja^ . 

Having ascertained that the system, Nj, in the light of 
all the observations, does not require a decided correction 
that is discoverable either as to the adopted equinox or as 
to the periodic part of Ja^ , we proceed next to construct a 
system which shall be as far as possible, in like manner 
and degree, free from errors depending on the declination. 
In the attempt to do this it will be advisable to recur to 
the observations themselves, and to build up from them an 
independent system. If now we could find a list of as 
many as 200 stars, well distributed in declination, of which 



the right-ascension of each star had been determined in 
each valuable autnority with approximately the same weight 
for each star, our task would be comparatively simple. 
We could first settle upon the standard weight in the funda- 
mental sense to which each catalogue of observation is 
entitled, and by use of these weights, after correction of 
each catalogue for /fa^ , compute the right-ascension of each 
star from a combination of all the authorities entitled to 
weight in the fundamental sense. We should at once have 
our fundamental catalogue, from comparison with which 
the systematic errors of each of the principal catalogues of 
observation could be determined with practical finality. A 
slight subsequent improvement of the right-ascensions of 
each individual star might then be obtained through the 
employment of the systematic corrections already ascer- 
tained, in a new solution for each star in which the weights 
would be assigned according to the value of each catalogue 
in the purely differential sense; so that many valuable 
series of observations would then be introduced which make 
no pretensions to value as independent determinations. 

In practice the case is far different. I have been unable 
to find more than 46 stars for which the ideal conditions 
are even approximately fulfilled ; and this number is too 
few for anything better than a rough preliminary determi- 
nation of the systematic corrections, Jug. Perhaps the 
necessary method of procedure will be more easily under- 
stood through a brief exposition of the successive steps 
actually adopted in the present investigation. 

In arriving at my published right-ascensions three suc- 
cessive approximations were employed. It will not be 
necessary to exhibit these in detail, since the only object 
in doing this would be to afford the means of judging what 
degree of confidence attaches to the final result, — an object 
which is sought otherwise through a special discussion 
further on. But some account of the preliminary steps 
may have an interest. 

First, 45 stars (and Polaris) were selected (see Table II). 
on the ground that they are the stars of which the positions, 
are most effectively determined in the greatest number of 
important catalogues. All the catalogues were then cor- 
rected for the values of Ja^ determined in the manner 
already described. The positions may now be supposed to 
be affected only by systematic errors of the form, /las • 

The next process is to obtain a series of values of a and 
fj. for these 45 stars which shall be as nearly as possible 
homogeneous. At this stage it is not important that the 
systematic errors should be zero ; though it is very desir^ 
able that the casual errors of computed mean a and /i should 
be as small as possible, and that, whatever the systematic 
errors of these computed values of right- ascension may be,, 
they should be approximately the same within any one 
comparatively narrow zone of declination. Therefore in 
selecting the catalogues to be employed in this preliminary 
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step, precision in the differential sense is of more impor- 
tance than fundamental character. Hence the average 
weight assigned to each catalogue for service in this pre- 
liminary operation was virtually based upon its precision 
in the differential sense. This first essay is not for the 
purpose of coxpputing a system of right-ascensions free 
from systematic error, but to provide a system which can 
be corrected easily and with accuracy through the means 
which actually exist. 

The 45 values of a and /i obtained in this way must 
next be freed from systeinatic error of the form, Jag . Each 
catalogue which is entitled to any weight for the determi- 
nation of /!lft9 furnishes a correction of each of the 45 com- 
puted right-ascensions that are common to it. Within any 
comparatively narrow zone we may suppose that these cor- 
rections will be approximately the same, except for the 
casual errors of observation ; so that, if we combine four 
stars in a single zone, and our catalogue of observation 
contains only two of these stars, the mean of the two cor- 
rections will be systematically the same as would have been 
the mean of all four had the catalogue contained all of 
them, — the only difference being that the casual error may 
be larger, and therefore less likely to be compensated by 
those of other catalogues in the same zone. This process 
is entirely analogous to that which is followed in the re- 
duction of broken transits. 

Thus for each of the nine zones (see Table II) into 
which the 45 right-ascensions were divided, a "zone- 
correction'' was formed from the corrections of the pre- 
liminary right-ascension given by each catalogue supposed 
to have weight in the determination of /lag. As a matter 
of fact there were few catalogues which did not contain 
nearly all the stars in each of the zones. The deficiencies 
were greatest north of +30® of declination. 

Taking now one of the zones as a representative of the 
mean of the stars in that zone we find that we have a series 
of corrections to that representative given by each of the 
selected catalogues, arranged in chronological order. The 
list of selected catalogues, together with the weights as- 
signed to each, is exhibited in the first three columns of 
Table III; but Lisbon 1890 must be excepted, since it 
was not published until after the final computations for 
right-ascension had been completed. The mean date of 
each catalogue as given in the second column was estimated 
for the purposes of this computation, and the adopted 
weights appear in the third column. In assigning these 
weights various restrictions will suggest themselves to the 
investigator. In the first place the casual errors of obser- 
vation may be so great, or the number of observations may 
be relatively so small, as to vitiate the value that a cata- 
logue might otherwise have for this purpose. Cape 1830 
(Fallows) falls in this category. Cambridge 1831 (Airy) is 
very near the boundary of rejected catalogues for this reason. 



The contributions of an observatory during any given 
period must be judged as a whole, — obviously so, when the 
same transit is concerned in the production of distinct series 
of right-ascensions in comparatively close succession. Thus, 
each of the contributions from the Greenwich Transit 
Circle has received a weight less than that to which it 
would have been entitled had it stood as the sole repre- 
sentative of the observations of that instrument. On the 
cither hand, when the extreme interval in a long series of 
productions, like those from the Greenwich Transit Circle, 
is so great, the total weight assigned may be much greater 
than that which could possibly be due to a single repre- 
sentative. 

Another question is presented in the criterion of inde- 
pendence relative to terms in /iag that should be exacted. 
The character of the meridian, or hour-circle, described by 
the transit, as fixed by the definitive reduction of the ob- 
servations, depends essentially upon three elements : 

1. Upon the character of the determinations of colli- 
mation. Frequent reversal of the transit eliminates this 
question in a material degree. The Lisbon observations, 
where the transit was reversed in the observation of each 
star, illustrates this in a remarkable manner. For the non- 
reversible transit a systematic error in this respect amount- 
ing to /Ic introduces a systematic error in the final result 
equal to 

iii/cf tan ■ 

in which P is the polar distance of the star observed, and 
P' is the effective mean polar distance of the clock stars. 

2. Upon the character of the pivots. For the most part 
we must rely upon our experience and judgement as to the 
quality of work produced by the respective makers of in- 
struments. In a few instances the pivots have been 
investigated in a manner which inspires confidence in the 
results. On the other hand, my impression is that the 
pivots now produced by the best makers are so perfect that 
the errors originating through irregularities in them are 
not very important in relation to those from other sources. 
The error in right-ascension introduced by a relative ellip- 
ticity of pivots has the form, e sin(2S-l-^) sec 5, in which 
\f/ is an auxiliary angle to be determined. This error is 
most to be feared in non-reversible transits ; but even in 
the case of a reversible transit, where either of the axes of 
the relative ellipse happens to be nearly parallel to the line 
of collimation, this form of error is not eliminated. In 
many instances where the systematic correction is large 
and reaches a maximum at about 46® of declination, while 
it is quite small near the pole, I suspect that the instru- 
mental error may be due to relative ellipticity of pivots. 
The right-ascensions of Dorpat 24, Greenwich 30, Harvard 
65, Brussels 65 and Albany 98 may be open to suspicion of 
this kind. 



,f-tan^') 
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3. Upon the determination of the polar deviation^ n. 
To secure independence in this respect the value of n should 
be ascertained through successive transits of close circum- 
polar stars. If this criterion were to be insisted on it 
would considerably restrict the choice of catalogues to be 
employed in determination of Ja^ . This restricted choice 
I have indicated through the weights assigned in the fourth 
column of Table III. But we may be permitted to look 
upon the right-ascensions of the close circumpolar stars, 
especially of such stars as a and h Ursae minoris, as some- 
thing approximating the nature of astronomical constants. 
Admission into the problem of determination of Jug of 
certain catalogues of right-ascensions which rest on pre- 
dicted right-ascensions of the close circumpolar stars would 
mean on the one hand that we are virtually assigning a 
larger weight than nominally appears to those catalogues 
upon which the predicted positions depend; and on the 
other hand that we regard the errors, z/a«, to be feared in 
the region intermediate between the pole and the equator 
as likely to be notably larger than those which we find in 
investigations of the polar zone. This is really the case, 
and seems to justify the decision to assign some weight in 
the determination of Ja^ to certain series of right-ascension 
in the reduction of which predicted places of the close 
(\ircumpolars have been employed. But these catalogues 
were not used in determination of z/«, for the polar zone. 
(See Table III.) 

Added to these three conspicuous elements to be con- 
sidered in determining Ja« are others of a nature less 
certain and more obscure. These in some instances may 
have exerted a sensible influence upon the errors of the 
catalogues. There are systematic errors arising from 
faulty illumination of the transit threads. There is also 
the error at the zenith which may exist relative to the 
apparent direction of transit. This, in the case of Rom- 
berg at Pulkowa, may have been quite sensible, and there 
are slight traces of it in other instances. In general, how- 
ever, the evidence is that this form of error is little to be 
feared. Associated with this are errors in the line of coUi- 
mation which may arise from looseness, or weakness, in 
the structure of the transit, — especially in the fastening 
of the objective and ocular. I suspect that the right- 
ascensions of the Washington Transit Circle (1865-1890) 
may have suffered somewhat from this cause. The respec- 
tive zenith-points of the principal observatories in the 
northern hemisphere range over more than 20** of declina- 
tion ; and, therefore, the results for z/a, from the mass of 
observations afford an efficient test for any one of them in 
respect to these two sources of errors. Personal equations 
dependent on declination of the star observed may also 
exist, but their effects would probably be merged to a con- 
siderable extent in the determination of the polar deviation 
of the transit. 



Resuming now the zone-corrections for the amendment 
of the preliminary right-ascensions of 45 stars we may form 
equations in each zone from the corrections given by the 
respective catalogues arranged in chronological order, and 
weighted in the manner already described. Let Ja^ be the 
common correction to the preliminary right-ascensions for 
1875 of a given zone, and Jft^ , the common correction for 
the proper motions. We then form equations of condition 
in the usual manner, and obtain from the resulting normal 
equations adopted values of these quantities. Then, cor- 
recting each preliminary right-ascension in a given zone by 
the values of Ja^ and Jyi^ for that zone we arrive at right- 
ascensions for each star which, provisionally, may be 
regarded as free from systematic error of the form, Ja,, 
so far as this result can be obtained from the testimony 
under consideration. 

As already pointed out, a slight inconsistency attaches 
to these solutions in the fact that, for a zone here and 
there and for a few catalogues, the normal weight was 
reduced. It was necessary to take this course in some in- 
stances on account of the casual errors which might arise 
from the unusual weakness of the catalogues in question 
for certain of the zones, — especially for those north of 
+ 30**. Practically, however, the results of this inconsis- 
tency are not important ; and in many instances they are 
remedied in a later approximation. 

Furthermore, it should be explained that in the case of 
Romberg's Pulkowa catalogue for 1875, of Battbrmank's 
Berlin catalogue for 1895, and of Greenwich 1890, the 
catalogue right-ascensions were modified in this part of the 
work. Romberg's catalogue right-ascensions were first 
corrected in a way to remove the systematic corrections 
which he applied {Int., p. 8) in order to reduce them to 
systematic conformity with Pulkowa, 1865. In this way 
we may suppose that we have obtained the right-ascensions 
as they would have been given by the meridian circle itself; 
and I have assumed that these would be valuable as an 
independent factor in the determination of /la^ . A similar 
course was followed with the Berlin catalogue for 1895 by 
the use of systematic corrections printed in the introduction 
(p. 14) which exhibit the deviation of the instrumental 
meridian from that of the A.G,C, In the case of Green- 
wich 1890 I have applied the correction for systematic 
error of collimation in the form recommended in the intro- 
duction (p. 5) of the catalogue. 

But in the tables of systematic correction, z/a, , hereafter 
to be given, the numbers are applicable to the catalogue 
positions. 

The results obtained for the 45 stars through the com- 
bination of operations already described are exhibited in 
Table II. The spaces indicate the division into zones. 
The corrections, Ja and J/i^ when added to the right- 
ascensions of the 45 stars, produce those of the final cata- 
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logue after all the approximations. It will be seen in a 
general way that this first approximation represents in the 
systematic sense the final result with a very considerable 
degree of accuracy. In no case is the correction for an in- 
dividual star above 0*.01 secS, and usually it is much less. 
Systematically the results of this first approximation are 
practically the same as those of the final catalogue. This, 
of course, could not have been foreseen at the time ; but 
if the case had been otherwise the same final result would 
have been reached. 

TABLE II. 

Right- Ascensions, B', of 46 Primary Standard Stars 
Determined in the First Approximation, Defined 
through the corrections to them given by the 
Right-Ascensions, B, of the Final Catalogue for 
THE Epoch 1875. 







B — 


B' 








B- 


-B' 




8 


Ja 


J;u 




a 


Jo 


Jp 






.001 


.0001 
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■ 




8 




o 


■ 


> 


a Urs. min. 


+89 


-25 


— 


13 


a Androm. 
fi Tauri * 


+28 
28 


+ 2 



-1 




{ Urs, min. 


+ 78 


+ 2 


— 


1 


fi Geminor. 


28 


-3 





y Cephei 


76 


+ 14 


+ 


9 


a Cor. Bor. 


27 


-1 


-1 


p Urs. min. 


75 


+ 6 


+ 


6 


a Arietis 


23 


+ 1 


+1 


p Cephei 


70 


+ 12 


+ 


6 


a Bootis 


+ 20 


-3 


-1 


a Urs. Maj. 


+62 


- 5 


— 


4 


a Tauri 


16 


+ 1 





a Cephei. 


62 


-21 


— 


8 


fi Leonis 


15 


-2 


-1 


a Cassiop. 


56 


_ 2 


— 


2 


a Herculis 


15 





-1 


y Urs. Maj. 


54 


+ 7 


— 


3 


a Pegasi 
y Pegasi 


15 
14 


+ 1 
-2 


+1 




e Urs. Maj. 


+ 52 


- 2 


— 


1 


a Leonis 


13 


-2 





/3 Draconis 


52 


+ 12 


+ 


5 


a Ophiuchi 


13 


-2 


-2 


y Draconis 


52 


- 6 


— 


4 










rj Urs. Maj. 


50 


+ 2 




2 


y Aquilae 
a Aquilae 
a Orionis 


+ 10 
9 

7 



-1 

+4 







a Persei 


+49 


- 1 


+ 


1 


a Serpentis 


7 








1, Urs. Maj. 


49 
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P Aquilae 


6 
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a Aurigae 


46 
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a Ceti 


+ 4 


-4 


-1 


a Cygni 


46 


+ 3 


+ 


3 


a Aquarii 
P Orionis 


-1 
-8 


-2 
+ 1 




+1 


a Can. Ven. 


+39 


+ 4 


+ 


2 


a Hydrae 


8 








a Lyrae 


39 


- 4 


— 


2 


a Virginis 


10 








P Androm. 


35 


- 1 


+ 


1 


H Capricomi 


13 


-1 


+1 


B Lyrae 


33 


+ 1 


— 


1 


a Librae 


15 


-1 


-1 



With this preliminary Standard Catalogue of 45 Stars 
between -t-79** and —15* of declination the first prelimi- 
nary corrections of the principal catalogues were determined, 
embracing those enumerated in Table III, together with 
others valuable in the differential point of view. In draw- 
ing the curves of correction minor peculiarities were not 



regarded at this stage ; but the most painstaking care was 
exercised to secure practical equality of positive and nega- 
tive deviations from the general trend of the curves of 
correction on the part of individual residuals. This is 
really one of the most critical operations in the entire pro- 
cess, and one upon which the actual gain of precision in 
successive approximations very much depends; since a 
fairly good approximation to a perfect standard catalogue 
already obtained may subsequently be lost through an un- 
lucky combination of errors in the adopt.ed curves of cor- 
rection. 

The corrections were adopted at this stage for stars 
between + 80® and —20® of declination. These preliminary 
systematic corrections were now employed in determining 
standard right-ascensions for 113 additional stars for which 
the weight of determination in view of the collected 
material seemed to be the greatest. The adopted weights 
in the star-solutions were now based upon the supposed 
value of the various catalogues in the differential sense. 
We now have a standard catalogue of 158 stars to which 
may be added 70 others within the limits, —20® to —40®, 
which were taken from the best determined stars of my 
paper on 179 Southern Standard Stars {A.J. 450), modified 
by systematic corrections exhibited in my paper published 
in the AstronomicalJoumaly No. 499, since I considered those 
to have reached a grade of approximation in the progress 
toward a true normal system comparable with that now 
attained for the 158 northern standard stars. Preliminary 
to plotting the revised zone-corrections for curve-drawing 
all of them were multiplied by cos S, a process which is 
absolutely necessary to the attainment of real precision in 
the higher declinations. In drawing these curves more 
attention was given to subsidiary inflections in the trend 
of corrections. In regard to minor deviations of the curves 
from a bold general sweep they are abundantly justified by 
experience. There is logical reason for such deviations in 
the probable minute deformations of the pivots of transit 
instruments combined with other sources of error. In 
many instances where, on account of the comparative 
poverty of material in this approximation, I have resisted 
the inclination to follow an indicated deflection from a free 
sweeping curve, on a later approximation, with much more 
material, I have been compelled to recognize it. In general, 
throughout, I have not pushed the maxima and minima of 
these curves to the extremes indicated by the observations ; 
but at such points I have usually left an interval from the 
zone-correction (mean for 5®) equal to its probable error, 
and in some cases to as much as three or four times the 
probable error. The weights of the group-correction being 
known it is possible with care to arrange the residual errors 
left by the curve so that to some extent they shall follow 
the law of distribution indicated by the theory of probable 
error. 
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Observed Corkections, 



TABLE III. 
-Ja, cosS, TO THE System op Right- Ascensions of 627 Standard Stars, 
Given by Catalogues of Observation. 
NoETHEBN Hemisphere. 



Decl. of Zone 



-f80° 



-f60° 



-f45*» 



+30*' 



-fl5° 



0° 



Catal. and Date 

1800+ 



Dorpat 15 

Konlgsb. 23 

Dorpat 24 

Abo 29 

Greenw. 30 

Oape 33 

Carab. 31 

Cape 37 

Greenw. 38 

Oreeiiw. 44 

Radcl. 45 

Paris 45 

Polkowa 45 

Greenw. 51 



Wash. 

Oreeiiw. 

Radcl. 
Cape 
Paris 
Melb. 

Oreemr. 

Bruss. 
Harv. 

Palkowa 
Melb. 

Wash. 

Greenw. 
Harv. 



56 

57 

57 
59 
60 
62 
64 
65 
65 
65 
67 

71 

72 
75 



Weights 5|c5|c p 



** P 



** P 



:^:^^ p C 



5|C5|C p C ,5|C5|C p C 



Pulkowa 


ii 


Paris 


76 


Cape 


76 


Cordoba 


77 


Melb. 


77 


Oreenw. 


82 


Oape 
Palkowa 


83 


84 


Strassb. 


86 


Oape 


89 


Madison 


90 


Lisbon 


90 


Oreenw. 


94 


Mt. Hamil 


.95 


Berlin 


95 


Albany 


98 



2 


2 


3 


3 


3 


3 


3 


- 


1 


1 


2 


2 


1 


1 


2 


1 


1 


1 


2 


2 


1 


- 


3 


_ 


8 


8 


1 


- 


2 





2 


2 


1 


— 


1 


1 


3 


^ 


1 


1 


2 


2 


2 


— 


1 


_ 


10 


10 


2 


2 


4 


4 


2 


1 


2 


_ 


4 


_ 


2 


_ 


1 


_ 


3 


2 


1 


- 


2 


2 


2 


2 


10 


10 


8 


8 


2 


2 


3 


— 


2 


- 


3 


3 


3 


— 


2 


_ 


3 


1 



23 2 — 003 
8 3 +!002 : 12 3 +.004 18 3 +.016 i 5 3 -.010 10 



19 3 -.006 29 3 -.018 34 3 -.022 30 3 -.015 21 

- 12 3 -.016 20 3 -.018 32 3 —Oil ' 29 3 +.001 26 



30 1 -.007 



.035 , 49 1 



.018 



4 -.066 

60.5-.011 140.5 -.002 8 0.5 -.002 



18 
22 
38 
35 
29 
24 



1 +.031 

2 +.015 

1 +.009 

-.009 
8 -005 

1 +.021 



19 
26 

38 
32 
36 
19 



' 3 -.034 



1 +.032 

2 +.028 
1 -.015 

3 -.014 
8 -.001 
1 +.014 



33 -.001 i 30 2 +.016 
26 2 +007 21 2 +.025 

28 1 +.009 ' 26 1 +.029 



16 -.001 

33 2 -.002 

36 +.009 
31 +.005 
30 10 +.008 



37 

37 
37 
27 



4 +.003 

2 -.012 
+.003 
+.032 



21 3 -.007 

20 2 -.003 

34 2 +.060 
34 1 -.023 
37 10 +.009 



37 2 -.010 

27 lb +.002 
12 8 -.001 

- 17 6 -.006 



31 

36 

60 

36 

8 



4 +.010 

2 -.002 
2 -.004 
4 +.023 
+.024 



35 2 -.005 



37 3 .000 

33 -.015 

11 3 1.011 



34 
9 



3 -.014 
2 +.001 



34 3 -.001 



33 2 -.002 
3 1 -.013 



16 
46 

50 
47 
51 
35 



35 10 +.002 
19 8 -.016 



+ .004 

+ .007 

-.016 
-.003 



8 +.007 

1 -.002 



41 2 

33 2 

38 1 

5 

36 3 



3 
34 

47 
24 



5010 
3 



-.002 
+ .026 
-.007 
-.033 
-.011 
-.006 
+ .011 
+ .012 
-.016 
+ .015 
-.024 



54 4 +.015 

46 2 .000 

50 2 -.002 

63 4 -.004 

36 2 -.015 



9 -.006 

47 2 +.004 

27 0+.013 
50 10 +.001 

36 8 -.009 

18 0-.024 

46 3 -.004 

44 2 +.007 



60 1 -.014 72 
11 1 -.037 16 

20 1 .000 47 



16 1 -.016 43 



3 .000 
3 -.004 

3 +.005 

1 -.012 

2 -.001 

1 -.009 



26 
32 

19 
66 
55 

62 

47 
45 
49 
26 
66 
22 
38 
63 
33 



1 + .007 

2 +.011 
1 -.023 

3 +.006 
8 +.005 
1 +.011 



2 
2 
1 
1 
3 
1 
2 
2 
1 

56 10 
18 1 



-.008 
+ .022 
+ .004 
-.007 
-.006 
+ .019 
+ .018 
+ .007 
-.016 
+ .010 
-.006 



48 
58 
60 
71 
61 
70 

73 
68 

69 
41 

72 
38 

67 

70 
41 



2 +.015 

1 +.009 

2 -.002 
1 -.018 

3 -.005 
8 +.001 
1 +.001 



2 
2 
1 
1 
3 
1 
2 
2 
1 

5910 
30 2 



-.001 

+ .007 

-.010 
+ .007 
-.003 
+ .002 
+ .001 
+.009 
-.006 
-.003 
-.007 



58 4 -.009 I 74 4 -.008 

60 2 +.013 I 73 2 +.003 

66 2 -.006 j 64 2 -.001 

62 4 -.008 71 4 +.002 

56 2 -.007 , 64 2 -.005 

24 1 -.003 ,64 1 +.006 

14 2 +.006 32 3 -.003 

27 1 -.006 49 1 -.004 



62 2 +.008 

51 2 +.011 
55 10 +.002 

22 8 +.003 

57 2 -.006 

67 3 -.008 

48 2 +.003 



53 3 +.002 63 3 +.003 

I 16 3 .000 

41 2 +.014 
14 3 -.027 



71 

65 

58 
50 
74 

62 

67 



2 .000 

2 .000 

10 +.005 

8 +.006 

2 -.001 

3 -.003 
2 -.003 



5 
18 

33 
67 

18 
44 

34 
51 
53 
60 
75 
50 
66 



3 +.008 
3 +.005 

3 +.001 

1 +.007 

2 +.016 

1 +.004 

2 +.007 
1 -.007 
2 -.005 
1 +.024 

3 .000 
8 -.005 
1 -.004 



71 2 +.002 

67 2 -.012 

68 1 -.011 
43 1 -.002 
71 3 +.001 
29 1 .000 
63 2 -.010 
75 2 -.001 
38 1 +.008 
48 10 -.008 
28 2 +.007 



64 4 +.009 

66 2 -.009 
49 2 .000 
64 4 +.003 
68 2 +.003 
1 -.002 
3 +.003 



64 

49 

56 1 +.014 

65 2 -.005 

64 2 +.005 
46 10 -.003 

58 8 -.008 

68 2 +.006 

45 3 +.004 

43 2 -.005 



75 3 .000 76 3 -.001 

28 3 -.007 60 3 +.004 

49 2 .000 I 58 2 +.004 I 38 2 +.002 

17 3 -.031 29 3 -.004 21 3 +.006 
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TABLE III. 
Observed Corrections, — J«, cosS, to the System of Right- Ascensions of 627 Standard Stars, 

Given by Catalogues of Observation. 
Southern Hbmispheke. 



Decl. of Zone 


—15° 


—SO" 




-46° 


—60° 




—80° 




Caul, and Date 

1800 -t- 


♦*P C 


**P C 


** P 


C C ** p ,C' 


c 


**p C 


c 




23 
24 

29 
30 
33 
31 

37 
38 
44 
45 
46 
45 
51 

56 
57 
57 
59 
60 
62 
64 
65 
65 
65 
67 

71 

72 
75 
76 
76 
76 
77 
77 

82 
83 
84 
86 
89 
90 
90 

94 

. 95 
95 

98 


8 

7 3 +.011 
15 2 +.013 

33 2 -.011 
93 1 +.023 
24 2 +.011 

61 1 .000 

55 2 - .007 
57 1 -.015 
57 2 -.002 
61 1 +.014 
92 3 .000 
64 6 -.001 
88 1 -.006 

88 2 + .001 
67 2 -.012 
76 1 + .017 
40 1 .000 
85 3 + .007 
37 1 - .009 

80 2 -.006 
90 2 - .015 
39 1 +.011 
39 6 +.002 
24 2 +.009 

75 4 +.008 

81 2 .000 
66 2 +.004 
51 4 .000 

84 2 + .007 

78 1 - .013 

96 3 -.011 

79 1 -.012 

85 2 -.001 

89 2 -.014 
37 6 -.003 
84 8 -.002 
81 2 +.001 
15 3 + .011 
53 2 + .007 

97 3 -.005 

28 3 + .010 
21 2 - .006 
21 3 +.014 


■ 

30 + .028 
16 2 -.006 

8 0+ .011 

63 2 - .004 
210.5 + .005 

20 1 +.011 

14 + .010 
37 2 + .002 

24 0.5 - .005 

61 2 -.009 

34 1 - .004 

29 + .035 
57 1 -.012 

30 2 + .021 
33 1 +.005 

21 1 +.001 
37 1 -.014 

27 1 + .036 

35 2 +.006 

54 4 +.009 

28 1 -.002 

31 2 - .009 

2l' 1 + .00*2 
66 1 -.037 
66 3 -.005 
39 1 - .039 

36 1 -.002 
53 2 -.030 

32 5 +.i»06 

65 2 -.024 

20 2 + .oo'e 

37 2 -.001 

30 3 + .007 

66 3 + .030 




s s • 


8 


■ 


■ 


Koiigsb.' 
Dorpal 

Abo 
Greenw. 

Otpe 

Camb. 

Cape 
Greenw. 

Oreenw. 

Radcl. 
Paris 

Palkowa 

Greenw. 
Wash. 

Oreenw. 

Radcl. 
Cape 
Paris 
Melb. 

Oreenw. 

Bruss. 
Harv. 

Palkowa 
Melb. 

Wash. 

Greenw. 

Harv. 

Pulkowa 

Paris 

Cape 

Cordoba 

Melb. 

Oreenw. 

Oape 

Palkowa 

StraMb. 

Oape 

Madison 
Lisbon 

Oreenw. 

Mt. Hamil 

Berlin 

Albany 










1 








24 2 


+ .005 +.006 , 25 2 +.005 


+ .005 


16 2 .000 


-.001 


63 2 


-.001 -.009 , 56 2 -.003 


-.013 


33 2 .000 


-.012 













.... •••.. 


















7 


-.065 -.065 
















57 1 


-.025 -.030 


60 1 -.027 


-.031 


38 1 .000 


-.002 


16 1 


+ .015 +.012 


25 1 +.022 


+ .018 


33 1 -.004 


-.009 














. . . . . . 






65 2 
13 1 


-.006 +.002 
+ .003 +.003 


62 2 +.010 


+ .018 


42 2 +.003 


+ .012 
























69 1 
71 3 

4 


-.012 -.026 
+ .023 +.018 

. . . -.062 


65 1 +.023 
65 3 +.017 

14 1 +.003 


+.016 
+ .014 

-.003 


43 1 .000 
43 3 +.002 

29 1 +.005 


+ .003 
+ .002 

+ .009 


54 2 


-.004 -.018 


43 2 +.001 


-.008 


39 2 +.002 


+ .001 






. 1 


78 2 


-.017 -.027 


60 2 -.011 


-.020 


37 2 .000 


-.007 












5 1 


-.003 -.003 










13 


+ .019 +.019 
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Provided with this second set of systematic corrections, 
/fag, the catalogue of standard stars was now expanded to 
include 401 stars distributed over the entire sky ; and the 
process already described was repeated, except that new 
positions were not computed for the 158 northern standard 
stars, nor for the 70 included in the zone —20® to —40**. 
The curves of correction ascertained in this approximation 
were the ones finally adopted in computing the right- 
ascensions which appear in the catalogue. They do not 
differ in any very material way from the curves of correc- 
tion derived from the final catalogue-places themselves, 
which are the corrections to be published at the end of this 
series of papers. 

In relation to the two zones embraced within a radius of 
8® from either pole it is proper to say that an amount of 
labor was expended upon this part of the work which was 
possibly not fully justified by its importance. The final 
positions of Newcomb, or of Auwers, were as far as pos- 
sible utilized as the basis of position to be corrected. An 
ephemeris of each star at five-year intervals and extending 
over the entire range of observation was computed by 
means of the trigonometrical formulas, assumed proper- 
motions having been taken strictly into account. Annual 
and secular variations were then computed for each epoch, 
and also the third derivative, where necessary, by means of 
differences in the secular variations. Then the work of 
expansion was tested by mechanical integration with the 
result that in no case was more than a trifling modification 
found necessary. The observations were then compared 
with the ephemeris, and the usual mode of procedure, end- 
ing with the formation of zone-equations, was followed, the 
residuals as in other instances relative to high declinations 
having been first multiplied by cos S. In case of the 
northern zone the first approximation was reached by means 
of a special treatment of the four stars, a Urs. min,, 
51 H Cepheif S and X Urs, min. In the case of a Urs. 
min.y which played the principal role, I employed all 
the strictly independent determinations known to me, 
whether contained in the principal catalogues or not. In 
deciding upon the curves of correction for the polar zones 
their trend in the adjoining zones was taken into account. 

In extending the work from —40** to the southern pole a 
process was followed which is set forth in connection with 
the test-computation (Table III), except that the zones 
treated were 5** instead of 15® in width. 

Final Test of the Bigrht- Ascensions. 

In order to test the entire work and to perfect the curves 
of correction, I have carefully compared the Catalogue 
of 627 Standard Stars (including also about 100 standard 
right-ascensions which remain unpublished) with each 
of the catalogues of observation employed in its con- 



struction, and with some others for which it is of special 
interest to know the systematic corrections. An abridged 
outline of the results for all the catalogues to which weight 
was assigned in the systematic sense is exhibited in Table 
III. This part of the work, as well as all other essential 
operations connected with the formation of the catalogue, 
was performed in duplicate. 

Throughout the work the values of Ja^ for the principal 
catalogues were retained as they were first computed in 
the manner already described ; but in this final revision of 
the systematic corrections a new determination of each in- 
dividual value of Ja^ was obtained by means of comparison 
with the Catalogue of 627 Standard Stars. 

The observed values of J as were computed for zones 5"* 
wide in such a manner that the mean of each zone should 
fall very nearly at some multiple of 5°. Throughout thia 
and all similar computations in this work the differential 
weights were rigorously employed, and the resulting weights 
were always attached to the combinations that were made 
in means. For the purposes of the present illustration, 
and in order to bring the entire matter into a form con- 
venient for general inspection, the results for these zones 
of 5" were condensed into zones 15^* in width, except for 
the polar zones of which the radii are 22°.5. 

The table exhibits in the first column the name of the 
observatory. In the second column is found the estimated 
mean epoch of observation ; in the third, the weights which 
have been assigned to the respective catalogues in the 
fundamental sense in this investigation as to /fug ; in the 
fourth, the weights which might have been assigned under 
more strict rules of selection commented upon in the fore- 
going. The line of numbers for each catalogue in this 
latter class to which has been assigned a weight of two or 
more is printed in full-faced type. For the respective 
zones indicated in the headings of the succeeding columns 
are given the values of Ja, cos 8 derived from comparison 
of the observed right-ascensions of the various catalogues 
with the computed right-ascensions of the standard cata- 
logue in the sense, observed minus computed. The num- 
ber of stars on which each comparison rests, and the 
specially assigned fundamental weights (in general accord- 
ance with those of the third column) are also given. As 
for the weights in the differential sense, these are omitted 
for economy of space. The corresponding probable error 
of the values of Ja^ cos S, to which any weight is assigned,, 
in no case exceeds ±0'.01, and is sometimes nominally very 
slightly greater than ±0*.001. 

For the generality of catalogues of a date later than 1840" 
the nominal differential probable error in the principal 
zones will average about ± 0V0025, so that much the larger 
part of the discrepancies is due to systematic differences. 

The residuals for Pulkowa 1875, Greenwich 1894, and 
Berlin 1895 have been modified to represent the respec- 
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tive instrumental meridians in the manner previously ex- 
plained. 

Thus the quantities Cor C (in the sense Obs.— Comp.) 
are corrections applicable to the published right-ascensions 
of this standard catalogue given by the respective cata- 
logues of observation. They are discordant ; but by means 
of the weights attached, or by means of those in the fourth 
column, or through any other system of weights, we may 
determine in each of the zones any general correction 
of the standard catalogue which may still be required. 
This determination I have effected for each system of 
weights ; and the results are exhibited in Table IV. It 
will be noticed that in the zones for —45% —60% and —80** 
there are two sets of values of Ja, cos S, C and C. The 
first, C", is that which is employed with the attached 
weights, and C is employed with the weights of the fourth 
column. The latter, (7, is the original value of Ja^ cos 8 
resulting directly from the comparison. C was formed in 
the following manner. After solution of the equations 
formed from the values of C (with weights attached) in 
zones —15® and -30% the values of the observed quantities 
in those columns were corrected for the concluded values 
of /da^ and z//i^ obtained from the solutions. These were 
trifling in amount as will be seen from the results in 
Table IV. Then for the Southern catalogues their errors 
of the form Ja^ at the declination, — 22*, are supposed 
to be known from the means of the corrected values 
taken from zones —16° and —30°. The close circumpolar 
zone was supposed to give another value of these at 
—87** in which some confidence may be felt, since the dis- 
cordances in the various independent determinations are 
exceedingly small as will be seen from the following list 
of them. 



Systematic Pol ah Deviations /!las cos 8 (0-0) at 



Cape 

Cape 

Cape 

Melbourne 

Melbourne 



33 
37 
59 
62 
67 



■C 

-0.001 
-0.013 
-0.001 
-0.006 
-fO.009 



Cape 

Cordoba 

Melbourne 

Cape 

Cape 



76 

77 
77 
85 
95 



O — C 

-i-o!oo6 

+0.001 
4-0.007 
4-0.001 
-0.006 



The further computations of the far southern zones are 
conducted under the supposition that the corrections due 
to the catalogues of observation, supposed to be known at 
— 22** and —87** from superior weight of material, vary 
uniformly between these points, and that the residuals, C, 
after removing these are observed corrections to the system 
of the standard catalogue. 

The principle adopted in this course is empirical, and is 
based upon experience with the values of Ja^ for the cata- 
logues of the northern hemisphere. If the correction, (7, 
is comparatively large at a distance of 20° or 30° from the 
zero usually occurring near 4-10° of declination, and espe- 
cially if in that region it is found to be increasing toward 
the pole it is not likely to change sign at a declination 
smaller than 4-75°, or 4-80°. Under such conditions the 
use of a preliminary interpolated correction is much more 
likely to decrease the peculiar error of any one catalogue 
of observation than it is to increase it. On the other hand 
if the original value of the correction at —22° is small the 
others are not materially affected by this process. 

Putting the matter in another way, our procedure gives 
us in the values of C approximately those which would 
result from the respective series of observation if they 
should be recomputed with assumed right-ascensions of the 
close polar stars taken from the present catalogue, and of 
the clock-stars also taken from the same source, but confined 
between the limits of — 7°.5 and — 37°.5 of declination. 



TABLE IV. 

Solution of Zone-Equations to Dbtbbminb Observed Systematic Cobrections of the Kioht-Asgensions of 

the Standard Stars. 







Solution A 






Solution B 


. 


Zone 


J<u cos S 


100 J/icos8 


Jo. 


100 J^ 


Jot cos 8 


100J/<cos$ 


Ja« 


100 J/» 




1875 




1900 




1876 




1900 




+80 


+o!ooo4 


+o!ooi 


+o!o035 


+o!oo6 


+o!ooio 


o!ooo 


+o'.0058 


o!ooo 


60 


+0.0011 


+0.001 


+0.0026 


+0.002 


-0.0001 


-0.007 


-0.0038 


-0.014 


46 


+0.0004 


-0.004 


-0.0008 


-0.006 


+0.0033 


-0.008 


+0.0020 


-0.011 


30 


0.0000 


+0.002 


+ 0.0005 


+0.002 


+0.0032 


+0.011 


+0.0037 


+0.012 


+ 16 


0.0000 


+0.002 


+0.0004 


+0.002 


+0.0010 


+ 0.006 


+0.0026 


+0.006 





-0.0007 


-0.005 


-0.0019 


-0.006 


-0.0026 


-0.009 


-0.0049 


-0.009 


-16 


+0.0006 


-0.003 


-0.0001 


-0.003 


+0.0013 


-0.014 


-0.0022 


-0.014 


30 


+0.0004 


+ 0.008 


+0.0029 


+0.009 


-0.0010 


-0.002 


-0.0016 


-0.002 


45 


-0.0005 


-0.007 


-0.0047 


-0.010 


-0.0069 


-0.028 


-0.0196 


-0.043 


60 


+0.0060 


+0.005 


+0.0126 


+0.010 


-0.0018 


-0.013 


-0.0102 


-0.026 


-80 


+0.0012 


+0.003 


+0.0109 


+0.017 


-0.0003 


+0.004 


+0.0040 


+0.023 
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This would be advantageous only under the supposition 
that the system can be established from existing obser- 
vations with very much greater weight for zones, — 15°, and 
—30° than for zones further south. As a matter of fact 
the computed weight for zone, —15% is six times that for 
—45". Under all the circumstances, therefore, I think the 
result from solutions employing the values of C for the 
southernmost zones is greatly to be preferred. 

The results for all the solutions are presented in Table 
IV, which exhibits under the designation, " Solution A," 
those in which the attached weights (corresponding to 
those in the third column) were employed ; and also under 
the designation, " Solution B," the results which are ob- 
tained when the weights are taken from the fourth column 
of Table III under a more rigid criterion as to the inde- 
pendence of catalogues. 

Upon careful consideration of this question with the 
present opportunity for reconsideration after the compu- 
tations had been laid aside for many months, it seems to 
me that the results from Solution A are to be preferred not 
only as to the far southern stars, but throughout. From the 
north pole down to —15° the differences in the results from 
the two solutions are not, however, of serious importance. 

Probable Error of the System as to Ja^. 

Regarding the discrepancies, C and C in Table III, as 
due entirely to systematic differences the nominal probable 
errors of the system as to /ia, can be computed for the 
several zones. These have been derived for Solution A. 
They are shown in the following table in equatorial seconds 
in order to correspond to Table III, and to facilitate the 
comparison between different zones. 

(Probable Errors) X (cos 8) for 



Zone 


Mean Ep. 


a, ep. 


100/. 


a, 1900 


a, 1765 


+80 


1863 


±.0014 


±!'005 


±.0024 


±!006 


60 


1865 


.0021 


.009 


.0038 


.010 


45 


1866 


.0016 


.007 


.0028 


.008 


30 


1867 


.0012 


.005 


.0021 


.006 


+15 


1867 


.0006 


.003 


.0010 


.003 





1867 


.0007 


.003 


.0013 


. .004 


-16 


1867 


.0009 


.004 


.0016 


.006 


30 


1872 


.0020 


.011 


.0036 


— 


45 


1867 


.0033 


.016 


.0061 


_ 


-60 


1866 


.0035 


.017 


.0071 


— 



The probable errors under "«, ep." are the minima for 
right-ascension and correspond to the epochs in the pre- 
ceding column. Those in the last column correspond 
equally for epochs not far from 1975. Zone —80° is 
omitted, since from the nature of the computation the com- 
puted probable errors for that zone would be much too 
small. The probable errors for zones near the equator are 
necessarily small, since they are very near the artificial 
zeros of /lot . 



These probable errors might be regarded as fair indi- 
cations of the uncertainty of the system as to Ja^ could 
we be assured that the weights employed in Solution A 
(Table III) are sufficiently homogeneous. We have the 
means for a rough test of this point in the residuals for the 
zones +30° +45°, and +60°. From these I find as the 
probable error of the unit of weight, ±0*.013 computed 
from 67 residuals having weights 1 and 2 ; while from 45 
residuals having weight greater than 2 I find the probable 
error of the unit to be ±0".016. This agreement is, per- 
haps, as good as could have been anticipated ; and, at any 
rate, it is good enough to inspire some confidence in the 
reality of the probable errors of the table within a reason- 
able limit of uncertainty. 

The entire probable error of the system would depend 
upon a proper combination of these probable errors for 
Ja^ with the probable errors appertaining to the position 
and motion of the adopted equinox. It would be very 
difficult to estimate what common error may possibly sub- 
sist in all the observations of the sun for right-ascension ;. 
but in reference to the centennial motion of the equinox I 
think, perhaps, that ±0V02 may not be regarded as an 
underestimate of its probable error. 

In basing opinions upon probable errors like these it 
should always be borne in mind that the unfavorable 
chance may be taken. Mathematically there is one chance 
in five that the true error will turn out to be twice, and 
one chance in 23 that will turn out to be thrice, the cor- 
rectly computed probable error. Therefore, aside from an 
error which may be common to all the right-ascensions^ 
and due to error in adopted equinox, and assuming that our 
computations of probable error as to Ja^ are fairly well 
founded, we may consider that there is small chance that 
the systematic error as to Ja^ for 1900 in our right-ascen- 
sions is numerically larger than 0".01 sec 8 for any point 
in the northern hemisphere, or larger than 0".02 sec 8 for 
any point in the southern hemisphere ; and that generally 
it will be much less. 

Systematic Correetians of the Form, J'aatan8. 
Hitherto in our discussion the correction Ja^ , principally- 
due to periodic error in the adopted places of clock-stars, 
has been regarded as equally appertaining to stars at all 
distances from the equator, as if it were the sole correction 
of the kind which is needed. But it is evident that we may 
have an additional periodic error of this kind due to im- 
perfection in the determination of polar deviation of the 
transit. In general this error could be represented by the 
expression, /^'«. tan 8. For some of the catalogues included 
in the list of Table III such a term appears to be sensible ;: 
and the same may be true of others. For example : we 
have made a thorough comparison of Piazzi's Catalogue 
with the present standard, z/a. was determined precisely 
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in the same manner as for other catalogues, after the ap- 
plication of a preliminary correction for z/a,. We have 

Ja. = -hOM18 +0«.002 sin a -0\018 cos « 

The individual residuals of the comparison in question, 
at all declinations, were then freed from the effect of both 
Ja^ and Ja,. The error dependent on tan 8 was then sup- 
posed to have the periodic form which has been assigned to 
z/a. throughout this work. The solution of the equations 
formed in the three zones resulted as follows : 



Zone 

-42 to -22 
+36 +59 
+ 60 to +89 



Weight 

0.3 
1.0 
1.0 



-0!ll4 sin a +o!o46 cos a 



-0.068 
-0.098 



+ 0.043 
+0.054 



Adopted : 



— 0.087 sina +0.048 cosa 



The last expression, +0*.099 sin (a +151**) tan 8, has 
been adopted as a supplementary correction of Piazzi's 
right-ascensions. The use of it greatly improves the ac- 
cordance of PiAzzi with other authorities. 

Very likely a periodic term of the form adopted may 
really vary quite materially from the true form of the cor- 
rection in some hours of right-ascension ; but the danger of 
attempting to draw a curve under the circumstances seems 
to me to hold out greater possibilities of error than those 
which attach to the adoption of the formula. 

The method of computation adopted in the foregoing 
illustration concerning Piazzi's right-ascensions will serve 
to illustrate the procedure with other catalogues. It 
seemed to be desirable to have some evidence whether such 
terras have existence in any case. For this purpose the 
residuals for all catalo^es, corrected for Ja^ and Jug, were 
divided into zones, as follows ; 



+ 79 to +70 
+69 to +60 
+ 59 to +30 



-22 to -50 
-51 to -65 
-65 to -79 



The residuals in each zone were collected in weighted 
means covering in each instance not more than two hours 
of right-ascension. Then in each zone the means were 
multiplied by mean cotan8 for that zone; afterward the 
results for all zones were combined in one general mean. 
When it was clearly seen that the mean residuals in the 
several zones indicated no decided trace of a periodic law, 
either in common or separately, no further discussion of 
them was attempted. The following list embraces all cata- 
logues for which it was considered to be advisable to eval- 
uate a formula of correction. Those marked with an 
asterisk are the only ones which appear to be very sensible 
in relation to the probable error of determination. 

I am scarcely prepared to recommend any of these for 
adoption except, perhaps, those for Radcliffe 57, Melb. 62, 
and Brussels 65. Dr. Auwers finds a very decided periodic 
variation for Melb. 62 of the form, J'a. tan 8, applicable 



south of declination —50** 
fully warranted. 



This limitation seems to be 



Corrections of the Form, J'a.tan8. 



Dorpat, 


24* 


(-0.014 sin a 


-0.002 


Greenwich, 


30 


+ 0.005 


+ 0.007 


Cambridge, 


30 


. -0.010 


+ 0.010 


Madras, 


35 


-0.016, 


+ 0.005 


Greenwich, 


44 


-0.004 


-O.Oll 


Washington, 


56 


+0.009 


-0.011 


Radcliffe, 


57* 


-0.007 


+0.024 


Paris, 


60 


-0.007 


+0.005 


Melbourne, 


62* 


+0.022 


+0.023 


Greenwich, 


64 


+0.006 


+ 0.004 


Brussels, 


65* 


+0.035 


-0.003 


Greenwich, 


72 


+ 0.007 • 


-0.006 


Pulkowa, 


75 


-0.Q15 


+0.005 


Harvard, 


75 


-0.003 


+0.005 


Strassburg, 


86* 


-0.008 


-0.004 



The systematic corrections to the standard catalogue of 
right-ascensions indicated in Solutions A (Table IV), are 
so small that they can safely be neglected at present. For 
their improvement it is desirable that the several observa- 
tories of the southern hemisphere in possession of suitable 
instruments should devote at least one or two years to the 
observation of the principal and secondary standard stars. 
So far as possible all other stars down to the seventh mag- 
nitude, which are situated between —30° and the southern 
pole, should also receive two or three observations each on 
the part of two or three different observatories. For clock- 
stars one should employ the principal standard stars situ- 
ated between 4-30** and —22" of declination, and should 
determine the polar deviations of the transits, where practi- 
cable, from successive transits of close polar stars. 

Several observatories of the United States and of South- 
ern Europe should likewise make special observations in 
the southern sky upon stars down to the seventh magnitude, 
at least, working from — 10** or — 15° of south declination 
to a zenith-distance of 76° or 77°. It would facilitate 
future investigations of systematic error if the observed 
right-ascensions of the clock-stars were also to be included 
in the respective catalogues for those nights when eight 
or more have been observed. 

Especially, the relation of instrumental meridian to the 
meridian of the standard catalogue from which the clock- 
stars are taken should be determined through preliminary 
computations ; so that, either by correcting the standard 
positions, or by correcting the instrumental results, syste- 
matically consistent clock-corrections may be determined 
from stars in widely separated parallels of declination. 
The Pulkowa Catalogues for 1855 and 1875 furnish good 
examples of this method, which is indispensable to the 
attainment of the best results. The neglect of this pre- 
caution has proved a serious blemish in the reduction of 
several valuable series of observations. 
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THE BENJAMIN APTHORP GOULD FUND. 

Applications for grants of money in aid of astronomical investigation may be made by letter to any of the 
Directors undersigned stating the amount desired, the nature of the proposed investigation, and the manner in 
which the money is to be expended. The following information is given for the guidance of applicants. 

The Benjamin Apthorp Gould Fund was established in 1897 by Miss Alice Bachb Gould, to advance the science of 
astronomy, and to honor the memory ^of her father by ensuring tliat his power to accomplish scientific work shall not end with his 
death. The principal is $20,000, vested in the National Academy of Sciences as Trustee. The income is to be administered by the 
undersigned and their successors to assist the prosecution of researches in astronomy. 

In recognition of the fact that during Dr. Gould's lifetime his patriotic feeling and ambition to promote the progress of his 
chosen science were closely associated, it is preferred that the Fund should be used primarily for the benefit of investigators in his 
own country or of his own nationality. But it is further recognized that sometimes the best possible service to American science is 
the maintenance of close communion between the scientific men of Europe and of America, and that therefore, even while acting in 
the spirit of the above restriction, it may occasionally be best to apply tlie money to the aid of a foreign investigator working abroad. 

In all cases work in the astronomy of precision will be preferred to work in astrophysics, both because of Dr. Gould's especial 
predilection and because of the present existence of generous endowments for astrophysics. 

Finally, the Benjamin Apthorp Gould Fund is intended for the advancement and not for the dKTusion of scientific knowledge, 
and is to be used to defray the actual expenses of investigation, rather than for the personal support of the investigator during the 
time of his researches, without absolutely excluding the latter use under exceptional circumstances. 

In addition to the above call for applications the Directors, desiring to stimulate the participation of American 
astronomers in the attempt to bring up the arrears of cometary research, renew the offer to them of the sum of $500 
for computation of the " definitive " orbits of comets (see list in A,J, 493, p. 104) ; this sum to be distributed at 
the average rate of $100 for each computation, — the amount to vary according to the relative difficulty of the 
computation, and to be determined by the Itirectors of the Gould Fund. 



1903 March, 



LEWIS BOSS, SETH C. CHANDLER, ASAPH HALL. 



Date 



1902 July 



OBSERVATIONS OF THE DECLINATION OF VESTA, 

MADE WITH THE 5-INCH VERTICAL CIRCLE, AT THE U.S. NAVAL OBSERVATORY, 

By GEORGE A. HILL. 
[Communicated by Capt. C. M. Chester, U.S.N., Superintendent.] 

Date 
1902 Aug. 





Wash. M.T. 


Obs'd Decl. 


O — C 




h m ■ 


O / # 


» 


2 


13 4 45 


-22 14 17.7 


+2.6 


6 


12 60 14 


22 34 37.1 


+2.0 


8 


12 36 36 


22 54 66.6 


+3.5 


11 


12 20 52 


23 16 8.8 


+2.8 


13 


12 11 2 


23 28 24.3 


+4.0 


14 


12 6 6 


23 35 0.8 


+ 1.6 


16 


11 56 15 


23 47 56.9 


+ 3.7 


22 


11 26 50 


-24 26 0.6 


+ 1.9 





Wash. M.T. 


Obs'd Decl. 


O — C 




h m ■ 


a 1 1 


t 


3 


10 29 27 


-25 27 57.6 


+0.7 


7 


10 11 6 


25 45 4.7 


-1.8 


22 


8 56 38 


-26 31 16.8 


-1.0 



These places are corrected for parallax, and the compari- 
son in the last column has been made with the ephemeris 
of Vesta, as published in the British Nautical Almanac for 
1902. 



OBSERVATIONS OF THE RIGHT-ASCENSION OF VESTA, 

MADE WITH THE 6.3-INCH TRANSIT INSTRUMENT AT THE U.S. NAVAL OBSERYATORT, 

By EVERETT I. YOWELL. 
[Communicated by Capt. C. M. Chester, U.S.N., Superintendent.] 



The clock confection was obtained from a group of four 
clock stars, level and collimation by reversal over the 
mercury, both before and after the series ; azimuth from 
X Ursae minoris or 51 H Cephei s.p. The residuals O— C 
have been obtained by direct comparison with the ephem- 
eris in the British Nautical Almanac for 1902. 

Date 
1902 July 





Clamp 


Observed B.A. 


— C 


2 


£ 


19 46 6.15 


+4.31 


11 


E 


37 35.04 


+4.38 


16 


W 


32 36.96 


+ 4.36 


22 


E 


26 46.81 


+4.40 


31 


W 


19 18 49.99 


+4.27 



Date 
1902 Aug. 



Sept. 



Oct. 





Clamp 


Observed R.A. 


— C 


7 


E 


h m • 

19 13 63.57 


+4.12 


18 


W 


9 6.41 


+3.81 


21 


E 


8 29.91 


+3.69 


29 


W 


8 22.68 


+3.54 


4 


E 


9 42.42 


+ 3.37 


13 


W 


13 52.02 


+3.15 


16 


E 


16 47.36 


+3.07 


27 


W 


24 52.46 


+ 2.76 


29 


E 


26 50.64 


+ 2.78 


3 


W 


31 2.76 


+ 2.69 


9 


E 


37 57.87 


+2.53 


12 


E 


53 41.00 


+ 2.36 


26 


E 


19 69 23.62 


+2.26 
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OBSERVATIONS OF COMET (H. 1902 {giacobini), 

MADS WITH 26-INCH BBFBACTOR OF THE LEANDBR MCCOBMICK OBSEBVATOBY, UNIVEB8ITT OF VIBGINIA, 

By J. P. McCALLlE. 



1902 Charl. M.T. 


* 


Comp. 


Ja 


j8 


App.a 


App.8 


logpA 


Red. to App. PL 


Dec. 5 13" 10" 2 
« 7 13 29 52 


1 
2 


8,6 

8,7 


+2'"32!80 
+ 1 13.69 


1 K 

-4 4.5 
-0 24.8 


h m 8 

7 16 49.74 
7 16 10.34 


O 1 # 

-1 32 64.3 
-1 14 48.4 


n9.149 
n8.810 


9.746 
9.744 


+4!33 -12!7 
+4.36-13.1 




• 


Mean Places of Comparison- Stars for 1902.0. 






* 


a 


h 


Authority 






1 

2 


h m 8 

7 14 12.61 
7 14 52.29 


/ K 

~1 28 37.2 
-1 14 10.5 


Paris III, 9000 
I Mtmchen, 2474 





Approximate corrections for refraction have been applied. 

In my observations of Ck>met h 1902, \xi A,J, 533, p. 67, the values of logpA in R.A. were given in arc instead of in time, so that 
log 16 should be subtracted from them throughout. 

CharlottesDilU, Va. 



OBSERVATIONS OF MINOR PLANETS, 

MADE AT THE YAS8AB COLLEOE OBBBBYATOBY, 

By MARY W. WHITNEY and CAROLINE E. PURNESS. 



1901-2 Greenw. M.T. 


* 


Comp. 


Ja 


^8 


App. a App. S 


logpA 


Red. to App. PI. 












(354) Eleanora. 


li m 8 






m ■ 




1 9 


h m 8 


O / f 


, 


• ' 


Nov. 8 16 17 3 


1 


12,6 


+0 45.26 


+ 


2 6.6 


6 41 16.90 


- 1 37 7.9 


n9.511 


0.776 


+4.28 + 1.1» 


20 16 8 30 


2 


10,4 


-1 11.60 





1 8.6 


.5 34 67.27 


- 2 22 39.3 


»9.414 


0.783 


+ 4.54 0.0> 


21 15 29 24 


2 


8,4 


-1 61.06 


— 


3 45.8 


5 34 17.73 


- 2 26 16.7 


»9.492 


0.782 


+4.56 - 0.2» 


Dec. 6 16 2 62 


3 


4,4* 


-0 16.94 


+ 


1 39.6 


5 23 4.39 


- 2 40 39.9 


n9.173 


0.788 


+4.79 - 1.3» 












(82) Alkinene. 


Dec. 18 15 26 56 


4 


12,6 


-0 56.68 


— 


4 10.0 


7 5 49.65 


+27 19 8.3 


n9.619 


0.468 


+ 5.81 -16.7> 


Jan. 11 16 29 33 


6 


10,8* 


-0 22.20 





6 1.9 


6 42 37.19 


+28 6 18.5 


n8.998 


0.324 


+ 2.60 - 9.5* 


13 14 36 16 


6 


10,8 


-0 41.05 


— 


10 0.3 


6 40 43.72 


+28 7 52.3 


»9.280 


0.368 


+ 2.50 - 9.3» 












(366) Liffuria. 


Jan. 25 14 28 13 


7 


8,8* 


-0 37.85 


— 


4 10.7 


7 9 39.68 


+36 24 7.3 


«9.263 


0.066 


+2.74 - 9.7« 


28 14 68 


8 


6,4 


+ 1 44.96 


+ 


2 58.2 


7 7 13.59 


+36 11 49.6 


n9.326 


0.106 


+ 2.71 - 9.1> 


30 13 31 48 


9 


8,8* 


-0 13.60 


+ 


6 34.6 


7 6 45.52 


+36 2 54.9 


«9.404 


0.168 


+2.69 - 9.0» 












(17) Thetis. 


Jan. 27 14 15 23 


10 


.8,8* 


+0 28.12 


+ 


24.5 


7 66 36.04 


+ 20 6 17.5 


«9.402 


0.654 


+ 2.44 -13.4» 


30 14 52 62 


11 


8,8* 


+0 3.27 


■ 


6 33.7 


7 52 37.19 


+20 19 25.7 


n9.195 


0.622 


+2.44 -13.1» 


Feb. 3 14 4 25 


13 


7,9* 


-0 27.86 


+ 


4 12.2 


7 48 62.25 


+20 37 22.4 


n9.326 


0.531 


+2.45 -13.2* 


4 13 49 55 


14 


7,4 


+2 44.89 


+ 


1 16.9 


7 47 58.46 


+ 20 41 37.6 


«9.361 


0.636 


+ 2.46 -13.11 


5 12 30 28 


14 


12,6 


+ 1 54.46 


+ 


5 19.8 


7 47 8.04 


+ 20 45 40.4 


n9.644 


0.591 


+ 2.47 -13.1» 












(347) Pariana. 


Feb. 4 15 48 


16 


8,8* 


+0 22.69 





5 33.6 


9 10 57.16 


+ 32 9 38.6 


n9.442 


0.294 


+ 2.56 -16.7' 


5 14 47 36 


16 


8,8* 


-0 35.46 


+ 


2 45.2 


9 9 69.02 


+32 17 57.6 


«9.467 


0.306 


+ 2.67 -15.6' 


10 16 37 8 


17 


7,4 


+ 1 9.90 





6 29.6 


9 6 6.04 


+32 66 5.6 


«9.160 


0.161 


+ 2.62 -14.8* 


11 12 46 66 


17 


8,8* 


+ 19.71 


+ 


27.6 


9 4 14.86 


+33 2 2.8 


n9.646 


0.469 


+2.62 -14.7* 


14 14 21 19 


18 


10,8 


+ 1 23.76 


+ 


3 49.1 


9 1 21.69 


+ 33 21 5.3 


»9.418 


0.238 


+2.64 -14.2' 


16 12 41 50 


18 


10,8 


+0 33.23 


+ 


9 4.8 


9 31.16 


+ 33 26 21.0 


n9.628 


0.634 


+2.64 -14.2» 












(68) Leto. 


Mar. 10 16 5 44 


19 


8,9* 


+0 16.79 





9 30.3 


11 12 13.39 


+ 16 48 61.5 


n9.001 


0.688 


+2.46 -17.0" 


14 16 9 32 


20 


4 


.... 


+ 


1 12.6 


• • • • 


+ 16 3 60.6 


, 


0.580 


. . -16.8« 


14 16 17 10 


20 


8 • 


-0 29.38 


, 


• • • 


11 8 49.16 


• • • • 


n8.601 


, . 


+2.47 . . * 


18 16 9 20 


21 


10,8 


+0 57.89 


— 


7 1.7 


11 5 33.27 


+ 16 16 39.1 


n9.134 


0.585 


+ 2.50 -16.7' 
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1902 Greenw. M.T. 


* 


Comp. 


Ja 


J8 


App.o 


App.8 


logpA 


Red. to App. PI. 


Mar. 18 16''27"33 

25 16 1 20 

26 15 44 23 

Apr. 24 15 5 40 

May 8 15 51 1 

9 14 27 42 


22 
23 
23 

24 
25 
25 


8,8* 
10,5* 
12,6 

6,6* 
5,5t 
8,8 


+0" 11.05 
+ 0.61 
-0 47.00 

-0 4.50 
+ 37.64 
+ 31.34 


- 2' 63^3 

- 3 34.1 
+ 2 54.3 

(393) 
+ 41.5 

- 6 14.2 
+ 1 44.0 


Hera. 
h m • 

12 28 50.98 
12 23 19.64 
12 22 32.03 

Lampetia. 
11 39 27.18 
11 35 26.39 
11 35 20.08 


+ 3° 24 0^3 
+ 4 10 30.8 
+ 4 16 59.2 

- 7 32 8.4 

- 5 33 52.4 

- 5 26 54.2 


719.145 
n9.105 
»9.175 

8.882 
9.416 
9.091 


0.738 
0.730 
0.730 

0.823 
0.802 
0.808 


+ 2*52 -15'.9i 
+ 2.55 -16.0» 
+ 2.65 -16.0> 

+ 2.52 -18.7> 
+ 2.37 -18.2* 
+ 2.36 -18.2> 



* Ja measured directly. 

t Observation made with square bar micrometer. 



^ Mauy W. Whitney, Observer. 
2 Caroline E. Furness, Observer. 



Mean Places of Comparison- Stars for the hegimiing of the year. 



* 


a 


8 


Authority 


* 


a 


8 


Authority 


1 


b m • 

6 40 27.36 


- 1 39 15^6 


Nicolajew A.G. 1464 


14 


b III s 

7 46 11.11 


+ 20° 40 33!7 


Berlin B, A.G. 3144 


2 


5 36 4.23 


- 2 21 30.7 


Schjellenip 1879 


16 


9 10 31.90 


+32 16 27.9 


Leiden A.G. 3809 


3 


6 23 16.64 


- 2 42 18.2 


Strassburg A.G. Zones 


16 


9 2 6.66 


+32 66 7.3 


Leiden A.G. 3763 


4 


7 6 39.62 


+ 27 23 35.0 


Camb. Eng. A.G. 3816 


17 


9 3 62.52 


+33 1 49.9 


Micr. Comp. with +16 


6 


6 42 56.89 


+ 28 12 29.9 


Camb. Eng. A.G. 3609 


18 


8 59 55.29 


+33 17 30.4 


Leiden A.G. 3760 


6 


6 41 22.27 


+ 28 18 1.9 


Camb. Eng. A.G. 3492 


19 


11 11 54.14 


+ 15 68 38.8 


Bonn VI 


7 


7 10 14.69 


+ 35 28 27.7 


Lund. A.G. 3767 


20 


11 9 16.07 


+ 16 2 64.8 


Berlin A, A.G. 4390 


8 


7 6 26.92 


+35 9 0.4 


Lund. A.G. 3736 


21 


11 4 32.88 


+ 16 23 57.6 


Berlin A, A.G. 4369 


9 


7 5 66.43 


+34 67 29.3 


Lund. A.G. 3740 


22 


12 28 37.41 


+ 3 27 9.6 


Albany A, G. 4612 


10 


7 56 5.48 


+ 20 5 6.4 


Berlin B, A.G. 3212 


23 


12 23 16.48 


+ 4 14 20.9 


Albany A, G. 4493 


11 


7 62 31.48 


+ 20 26 12.6 


Berlin B, A.G. 3194 


24 


11 39 29.16 


- 7 32 31.2 


Munich I 7151 


12 


7 48 26.38 


+ 20 26 10.7 


i[BonnVI+Yar.3280] 


25 


11 34 46.38 


- 6 28 20.0 


Munich I 7045 


13 


7 49 17.66 


+ 20 33 23.4 


Micr. Comp. with +12 











SEARCHING EPHEMERIS FOR APPEARANCE IN 1903 OF COMET 1896 V, 

[Abridged from M. Ebsll's communication in ^.^.8848.] 

Assumed Per. Pass. July 8.5 



20 25.3 



Beriln M.T. 


Assumed Per. Pass. June 6.5 


Assumed Pi 


BT. Pass. Jul 


[ie22.6 




a 


S 


Br. 


a 


8 


Br. 


ItM 


h m 


O / 




b m 


/ 




Apr. 3.5 


21 24.6 


- 6 60 


0.86 


20 66.0 


- 7 14 


0.83 


11.5 








21 17.6 


- 6 20 


0.96 


19.5 








21 40.6 


- 3 17 


1.09 


27.5 








22 3.7 


- 1 7 


1.23 


May 5.5 


23 0.3 


+ 2 44 


1.29 


22 27.1 


+ 1 8 


1.39 


13.5 








22 50.8 


+ 3 24 


1.56 


21.5 








23 14.7 


+ 5 41 


1.72 


29.6 








23 38.7 


+ 7 54 


1.88 


June 6.6 


37.6 


+ 11 5 


1.77 


2.8 


+ 10 1 


2.03 



S 


Br. 


O / 




-8 32 


0.79 



21 51.7 -0 32 1.50 



23 23.2 +8 43 2.46 



Unit of brightness assumed as for 1897 January 4, when last seen. At discovery in 1896 it was 11 "-12" (Br. = 2.98). 
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NEW FORMULAS FOR FINDING TIIE MEAN ERROR OF AN OBSERVATION 

AND SOME LIKELY ERRORS OF THE MOST PROBABLE VALUES OF 

THE UNKNOWN QUANTITIES IN INDIRECT OBSERVATIONS, 

By J. MIDZUHARA. 



When a limited number of observation-equations con- 
taining independent unknown quantities is given, it is 
usual, in finding the mean error of the single observation, 
to adopt the well known formula of Gauss, which is said 
to be best approximative ; but whether it is truly approxi- 
mative or not may be questioned, for, it was not the result 
of the comparison with the true one. I have lately spent 
much time on the discussion of this point, and finally 
-conceived a formula sensibly different from that of Gauss ; 
and as the consequence of this discussion I have also found 
formulas giving some likely errors (I have adopted this 
name to distinguish from the word " probable error " in the 
usual meaning) of the most probable values of the unknown 
quantities. The details of the results of this discussion 
are as follows. 

1. Notation. It is to be noticed that in the present 
paper I have adopted, for the most part, the notation 
described in the Spherical and Practical Astronomy, Vol. II, 
by Chauvenet, except some few parts which will be espe- 
cially explained as occasion requires. 

2. On a Substitution of Mean Value for the True One. 
The square of the true error of [an] is [aw]*, and the square 
of its mean error [aa] c* ; the system of such relations will 
be expressed, for shortness, by saying that <*the mean 
▼alue of 

\[auY ± \huY± I is equal to [aajc* ± [hh']^^ ± " 

. The expression which we have now to determine is 

(A) [aw] Jx 4- [6tt] Jy + [cm] J« + . . . . 

and, remembering that (for example) 

mean value of [au] [bu] 

= mean 

= [aft]e« 
It may be easily seen that the mean value of every term of 



,alue of [('^+^)»^?-W-W 



the expression (A) is c'^, which has been substituted for 
the true by Gauss ; but since the ratios of the different 
functions of the errors to the corresponding mean values 
are not necessarily constant (see Art. 3 and last part of Art. 5), 
it is possible that, even if any function of the errors be 
identical with that mean value, yet another function of the 
errors can not be considered so ; that is to say, there must 
be, sometimes, a better value than the mean to be substi- 
tuted for the true one. On this account I shall now dis- 
cuss by what expressions the functions 

[««]« , \huj , [c«]» . . . . , 

[aw] [bu'] , [an] [cu] , [bu] [cu], . . . . , 

of which the expression (A) is composed, must be substi- 
tuted. It is sufficient to consider the case of three 
unknown quantities. 

3. Discussion of the Functions [auy , [buy , [cu]* 
and [au] [bu] , [au] [cu] , [bu] [cu]. 
Let us suppose that 



and 

then we may put 



[aa] = [bb] = [cc] 

[auy > [buy > [cuy 



[auy = (A-hB) [aa]^ = (A'-hB^) [aa]t' 
[buy =r (A^B) [aa]^ = (^"^ + ^) [aa] c« 
[cuy ^(Af-'Bf)[aa]€* =(A''-'B^)[aa]€* 



and therefore 



[au] [bu] = ± y/A^—B^ [aa] «' 
[au] [cu] = ± V^'*— B'« [da] €* 
[bu] [cu] = ± V-^'a— B'«[aa] «* 



(1) 
(2) 
(3) 



(4) 
(6) 



where A;A\ B, B', . . , 

tive- numbers. Now, if we put 



are indeterminate posi- 



(76) 
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(7) 
(8) 

(9) 
we get 

(10) 



[cti] 



i«=. 



A \ 1-h 



[au] [hu] = A .f[ab]€^* 
[au] [cu] = Af.f[ac]€^ 
[bu] [cti] = A'\f[bcy 



^^-m\\^-Hn' 



[flMl]< 



(11) 



Hn 



!'-J'-(^)'!i'-J--(^)'i'-'- 



1-h 

which, if we have 

(12) lab] = [ac] = [bcl 

give /[ai] = /[oc] = /[^e] = ± [aa] ; 

and since, for instance, we may change the values of [o^] 
and [cMj], without changing the value of [ftc], in the equa- 
tions (12), and moreover the latter may be any value 
between zero and [aa], for all possible values of [a2>], [ac] 
and [be"} we must always have 

/[ic] = ±laal 
and, by the same reasoning, 

flab] =/[ac] = ±laa]. 
Therefore, from (1), (2), (7) and (10), we must also have 

[aw]« = IbuY = IcuY = A laa']^ 

= Ax mean value of [aw]^ = &c. 



(13) 
and 
(14) 



[aw][5w] = ±[aM][ct^] = ±[^w][c?*] = ±A[aa]€^ 

= ± -pL-J X mean value of rattir^wl = &c. 
[ao] L ju J 

* It is easily seen that we can not adopt the following assumption : 



ay 

(8)' 
(9)' 

as that of Gauss. 
a 

+1 
+1 
+1 
—1 



[au] [bu] = A [ab] e« 
[au] [cu] = A'[ac]e^ 
[bu] [cu] = A'[bc]i^ 

For let us consider the following particular case : 
b e 

[ab] = i [aa] 
[aa] 



+1 
+1 
+1 
+1 



+1 
+1 
—1 
—1 



abl=.i[a 
ac] = Ha 
be] = 



then since [6c] = 

from (9)' we have [cu] = 

therefore " (8)' " '* A' =z 

a a (3) it i( 5/ _- 

*• ** (1) ** ** [au] = 

it tt ^1) tt t4 B =: 

** ** (2) ** " [bu] = 

Thus, in order that the hypotheses (7)', (8)', (9)' shall be tme, we 
must have [au] = [bu] = [cu] = which can not be accepted. 



which show that the ratios of [awj^ &c., to their mean 
values are not the same as those of [au] [bu], &c., to the 
corresponding mean values. The ambiguous signs of the 
expression of [au] [bu] (fon instance) may be determined by 
the following consideration. Let us transform the expres- 
sion 

[bu] 

[au] 

by substituting mean values for true ones, as follows : 

[bu] ^ [bu][au] ^ [aU]^ ^ [ab] 

[au] [auY [aa]c* [aa] ^ ^ 

[au] [au][bu] " [06]^"^ [ab] ^ ^ 

then comparing both the results it is evident that the 
result (15) generally gives a less value, and the result (16) 
a larger one, showing again that the ratios of the different 
functions of the errors to the corresponding mean valuea 
are not necessarily constant ; but each of them determines 
the sign of 

[bu] 

[au] 

to be identical with that of [ab], and the geometrical mean 
of them is equal to unity ; therefore we have probably 

[bu] _ [abl 

[au] [abl • ^ ^ 

or 

P TPi T Arab][aa]i' .... 

[au][bu] = -L^^-A- (18) 

whfere [ab]^ denotes the numerical value of lab]. Now, 
since the above results come from the supposition that 

laa] = [bb] = Ice] 

to apply them for the practical purpose we must first trans- 
form the observation-equations so that the transformed 
equations have the relation 

laa] = Ibb] = Ice] 

as may be easily effected in the following manner. 

4. Transformation of the Obsei'vation-Equations. If 
the series of the coefficients a, b, Cy of the un- 
known quantities x, y, z, in the observation- 
equations be multiplied by constant quantities L^, jBj, 
X,, such that 

laa]Ll^lbb]Ll^lec]Ll = 

and, at the same time, the unknown quantities be divided 

by the same constants Z^, Z,, Z,, respectively, 

then it is evident that the new values of [tw], [ww], and of 
lau]Jxy lbu]Jy, [cw] J«, , are the same as those 
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of the original equations, and the new values of [aa'], [^^], 
[cc], .... now become laa'}L\, [^ft]ZJ, [cc] L|, . . . . , 
all of which are equal. In the following article it is to be 
understood that we have always treated of such trans- 
formed equations, though their notations are not dis- 
tinguished between the new and the old equations. 
Now, before we consider the expression 

[aw] Jx + [bu"] /dy + [c?«] Jz -k- , , . , 

in the general case, it is more convenient to first treat the 
case of two unknown quantities ; for it is very simple and 
the results of its discussion may be extended to the general 
case almost by similar considerations. 

5. Determination of the Mean Error of an Observation 
and Some Likely Errors of the Most Probable Values of the 
Unknotun Quantities when the Observatiofi- Equations con- 
tain Two Unknown Quantities x and y. By solving 



(19) 

we have 

(20) 

and therefore 



lab^Jx + lbb^Jy = [6m] 



[aM][M3-[6«][a6] 
[aa] [66] - laty 



[aM]'|[aa]-^-J[a6]l 
lauj^x [ao]»_[a6]^ 

which, being transformed by the equations (17) and (13), 
becomes 

(21) lau^Jx = [«t^]'l[<^] - mi 

^ ' "- -" laay — [a6]' 



^€» 



(22) 



1 + 



[aa] 



By the same reasoning we have the same expression of 
f 6tt] Jy, and therefore we have 

__[vvl 

I « = 

(23) ] m - 



2A 



1 + 



Wo 

[aa] 



Now from this result it is to be observed that if we put 
J = 1 and [ab]^ = then the equation (23) is identical 
with that of Gauss ; and as the value of [a^]^, increases, 
the denominator of c* gradually increases ; when the value 
of [a^]o becomes a maximum (for instance the case in which 
a' = b'y a" = b'^, a'" = b'", &o,), it becomes the same form 
as that in the case of the single unknown quantity, which 
coincides with the practical condition since in that case 
x-h y may be considered as the single unknown quantity. 



I shall now consider some likely values of Jx and Jy, 
Let us first consider the rigorous expressions of Jx, Jy. 
Jx 4- Jy^ as follows : 

\_aay' — [joLoy ^ ^ 



A„ _ [^^] [a«] - \_au\ ab'\ 



Jx-^ Jy =: 



[ait] -h [bu] 
[aa] H- [a6] 



(24)' 
(24)" 



Now, since [aa] = [66], it is quite probable that the 
first terms of the expressions of Jx and Jy are larger 
than the second terms of them respectively, and therefore 
the signs of Jx and Jy must be the same as those of \_au'] 
and Ipu] respectively ; but when the value of [ah'] is posi- 
tive and not small, it being quite probable that [au] and 
[bu] have the same signs, Jx and Jy must then have the 
same signs, so that they vary with Jx-^ Jy\ therefore, 
since it is evident from the above equation (24)'^^ that 
Jx 4- Jy does not increase infinitely as the value of [ah] 
increases, the values of Jx and Jy must also be so ; this 
evidently proves that 



mean error of x 



_ V[aa] € 

- -^[aaY^ [a6y« 



- V[W]€ 

mean error of y «= * - — - — 



V[aa]^-[a6]« 

are not approximate values of Jx and Jy respectively, for 
they gradually increase as the value of [a&] increases, and 
finally become infinity when [ah] = [aa]. Indeed, the 
most likely values of Jx and Jy will be obtained in the 
following manner; viz., from the equation [21] we have 
immediately 

^ [g^]l[aa] - [ab]^\ 
[aaY ~ [ahY 

[au] 



Jx = 



[aa] -h [ah]^ 
where [au] = V^[aa]€. By the same reasoning 

_ [hu] 

^^ - [aa] + [ah]. 

Therefore, adding (26) to (27) we have 



-(25) 
(26) 



(27) 



(28) 



[aa] H- [ab\ 

which is identical with the rigorous equation (24)^^. It is 
also to be noticed that by comparing the value of Jx in the 
equation (26) with the mean value of it we have 

MxY = (M-- Wo)^ X mean value of (Jx^ 
[aa] + [ah\ 
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which shows that the ratio of {^xy to its mean value is a 
function of [o^]©* 

I have, now, to consider the general case. 

6. Determination of the Mean Error of an Observation 
and Likely Errors of the most Probable Values of the Un- 
known Quantities when the Observation-Equations contain 

any number of the Unknown Quantities a:, y, «, 

Let 

D = the determinant formed from all of the 
coefficients of the unknown quantities in 
the normal equations. 
D^,Dj,,D^y . . . = the minors corresponding to the constitu- 
ents [aa], [66], [cc], . . . respectively. 
D^, D^, . . . = the minors corresponding to the con- 
stituents [a6], [ac], .... 
then since 

(33) VJx = [aw]2).H- [bu']D^-h [cu^D^-^ 

we have 

(34) M^x = WD.+^D^+l^n 
^ ^ -^ -^ C [«"] lau^ 

but since, by (17) 



,+ 



■\ 



and similarly 



[6u] ^ [ab^ 
[aw] " [a6]. 



we have 

(35) [aw]Ja; = t^' 



[cu] ^ 
[aw] 



['"'Jo 
[a6] D^ 



[««]o 



I 



By the same reasoning 

Therefore, if we put 

(37) £D, = D.+ D,+ D,+ .... 

(38) 

we have 

(39) [aw] Ja; -h [6m] Jy + [cm] J« 4- . . . . 

or 

^^ M 

(40) 



— ^'{2^.+22 






This equation gives the best value of the mean error of 
the single observation. But for the practical purpose we 
must find some approximate formula. 



Now, since the values of [a6]^, [a«]o> • • • • are usually 
small in comparison with [^aa"], [66], .... we may ap- 
proximately substitute the mean of [a6]^^, lac"]^, [^]o» • • • 
[6c]q, [bd"]^, .... for each of them involved in the equa- 
tions (35), (36), . . . . ; then since 

I) = [aa] Lr^ + [a6] i>^ + [oc] i>^ + (41) 

comparing this with (35) we have, nearly, 

r -, ^ [auV ( _ i L> — [aal i>_ > 
[au-]^x = L_i j i>^-f k_J_- t 

_^ [aM]^^Z)-(««^X«)D.^ 
■" DX,' ^^^ 

where 

a« = [oa] = [66] = 

X' = the mean of [06]^, [ac]^, .... [6c]^^, [6<^]o, .... 

It is to be noticed that though the formula (42) was 
deduced from the supposition that the values of [a6]^^,. 
[ac]^ , &c., are small, yet it is well satisfied to the particular 
case in which the values of [a6], [oc], &c., are equal to 
each other, even if they are large. 

Now since, accurately to the second order of -^ in the 

a' 

expression of -D, we may put 



D 



x« X« X« 



X'^ a« 
X« X» 



X» 



(43> 



where 
we have 



by the application of the following theorem : 

D = (a»-X«)-»|«»+(,i-l)X'| 

D, = A = A = • • . • = («'-X»)''-'J«»+(M-2)X»i 

Substituting these, (42) becomes : 

[aw] z/x = (44) 

[ttM-|'|(«'-X')'-'[aH-(/t-l)X']-(«'-X')'-'[«H-0t-2)X']^ 



X" (««-X«)'-'| «"+ (/i- 1) X*| 



1+0^-1)^ 



and therefore 



^a = 



[vv] 



A^ 



i+(.-i)^: 



(45) 



(46). 



which shows that the value of c generally increases with 
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that of fjL, except that, when k^ = a*, they become inde- 
pendent of each other. 

Now, the best values of Jx, Jy, .... must be found 
from (35), (36), . . . . ; but their practical values may be 
easily found from the formula (44), and similar ones, as 
follows : 
(47) 

[«"] 



.1x = 
(48) 



«»+(/*-!) A' 



{'-% 



{.+0.-1)^:^1 1+0.-2,^.1 



x{ 



mean value 
of ( Jx)2 



therefore 
(49) 






I shall now give a few theorems which may be easily 
proved from the results of the above discussion. 

A. All of the expressions \au\Axj [^j'^y? \cu\Az^ . . . . 
have positive signs. 

This may be evidently seen from the form of the 
equation (45), which is the approximate value of the 
second member of (34). 

B. Ax/iy^ Axdz^ have the same signs with [aw] [6tt], 

\au\ [cu], .... respectively. 

This immediately follows from the theorem A, It 
is also evident from (49). 

C. Ax/iy^ AxAz, .... have the same signs with [a6], 
[ac], .... respectively. 

This immediately follows from the theorem B and 
the following hypothesis : 

•" [ati] [6u], [a%i] [cu], .... have the same signs with 
[a6], [«c], .... respectively." 

which is quite probable when the numericar values of 
[a6], [ac], .... are large. 
2>. All the terms of the equation [au] = [aa] Jx + 
[a6] Ay -h [ac] Jz -h . , , , have the same signs. 

This may be easily proved by multiplying the equa- 
tion by Ax, and comparing every term of it with the 
theorem C As a corollary of the present theorem we 
may say that : 

If, whilst the values of [^aa"] and [aw], [bu"], . . . . 
are put in unchanged, the numerical values of [a5], 
[ac], .... be increased then those of Axy Ay, Az, .... 
are decreased. 

Tokyo Astronomical Observatoryy 1902 October. 



E. 



If we have a' = ±6' = ±c' = , a" = ±h" = 

±c'' = , a"' = ±6'" = ±c'" = , &c., then 

the value of [au] Ax + [bu'] Ay -h [cw] Az -^ .... 
becomes the same as that in the case of one unknown 
quantity. 

This is evident from the equation (45). 
'. The equations 

[aw] = [aa\ Ax + [ah'] Ay 4- [ac] Az -¥ , . , , 
[hit] = [ah] Ax + [hh] Ay + [he] Az ^ 

are just satisfied by my values of Ax, Ay, Az, . . . . , 
but not by the mean values of them. 

It is also important to compare the following results : 

mean value of {Axy = 7^^ «* (^) 

Ja: = M 1 1 - (««-X«) § I (from (42)) (6) 



For clearness of thought, let us take the following 
example; viz., let there be given observation-equations 
involving any number of unknown quantities in which the 
approximate value w^ of the unknown quantity w is known, 
and they be solved by supposing that 



w^ 



2. w =s w^-^ Aw 



then from (a) we can not say that, even if the value of c* 
in the second solution be less than that in the first, the 
mean value of {Axy in the second solution is less than that 
in the first (see my theorem in the A, J,, No. 521) ; but from 
(h) we may say that, if the values of X^s and of cs in both 
solutions be equal, the value of Ax in the second solution 
is generally less than that in the first. 

We must now determine the value of A, But this being, 
indeed, a very vague problem, so that we can not now find 
any reliable value of it, we are compelled still to adopt 
" -4 = 1," which agrees with the theory of the mean errors. 

Finally, it is to be remarked that, since we have hitherto 
supposed that the observation-equations have been trans- 
formed to have the relation [aa] = [hh] = [cc =:...., 
for instance, to apply the formula (46) for the original 
equations we must understand that 



the mean of 



[«6i. 



M» 



Vj[aa][66]| ' yl\[aacccc\\ ' 
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OBSERVATIONS OF COMET 1900 II, 

MADE AT THE U.S. NAVAL OBSERVATORY, 

By GEORGE K. LAWTON. 
[Communicated by Captain C. M. Chester, U.S.N., Superintendent.] 



1900 Washington M.T. 


* 


Comp. 


Ja 


j8 


App.a 


App.8 


logpA 


Red. to. 


App.Pl. 


July»27 14 44'3l!7 


1 


25,5 


-o'"66!50 


+ o' 1^2 


h m • 

2 47 48.01 


+24° 13 38*1 


n9.«17 


0.535 


+3!o2 


+ 7^4 


27 16 13 46.3 


1 


26,5 


-0 65.60 


+ 3 36.7 


2 47 48.91 


+ 24 17 13.6 


9.574 


0.497 


+3.02 


+ 7.4 


30 15 4 25.0 


2 


25,6 


-2 0.74 


+ 3 6.8 


2 51 29.76 


+33 29 54.7 


n9.614 


0.317 


+3.28 


+ 4.4 


31 15 24 41.9 


3 


25,6 


+3 11.26 


+ 5 54.8 


2 62 56.13 


+36 38 38.1 


n9.588 


0.147 


+3.40 


+ 3.7 


Aug. 1 15 36 30.5 


4 


20,4 


+2 3.32 


+ 4 30.8 


2 54 27.46 


+39 44 50.4 


n9.678 


9.921 


+3.50 


+ 2.6 


3 15 48 16.8 


5 


19,4 


-3 56.47 


- 4 16.7 


2 67 54.13 


+46 49 30.7 


«9.677 


n9.310 


+3.73 


+ 0.2 


5 15 41 29.6 


6 


26,6 


-3 43.28 


- 1 59.4 


3 1 68.07 


+51 36 47.6 


n9.636 


n9.982 


+4.03 


- 1.5 


6 14 23 22.3 


7 


25,6 


-1 26.56 


- 7 56.7 


3 4 10.88 


+ 64 14 41.6 


n9.808 


7.598 


+4.21 


- 2.2 


7 15 18 21.2 


8 


25,5 


+ 2 49.70 


+ 36.3 


3 6 51.43 


+ 57 2 26.1 


n9.742 


n0.138 


+4.42 


- 2.7 


10 14 54 4.7 


9 


20,4 


+3 4.90 


-12 1.0 


3 16 30.58 


+64 27 47.0 


9.887 


mO.283 


+5.12 


- 4.9 


17 11 34.0 


10 


20,4 


-3 45.09 


+ 3 12.1 


4 1 58.81 


+77 52 44.2 


«0.313 


0.527 


+ 7.77 


-11.0 


17 12 23 52.0 


10 


19,4 


-3 0.81 


+ 9 26.3 


4 2 43.09 


+77 58 57.4 


mO.344 


9.993 


+ 7.77 


-11.0 


28 12 34 40.5 


11 


17,17 


-0 50.9 


- 2 6.2 


11 14 12.6 


+ 84 43 23.3 


9.401 


0.865 


-9.9 


-14.4 


30 13 17 17.7 


12 


14,8 


+3 60.4 


- 6 28.2 


12 11 16.3 


+83 13 52.2 


9.484 


0.871 


-9.0 


-10.5 


Sept. 1 11 16 28.4 


13 


4,4 


-0 37.7 


- 4 9.7 


12 42 55.1 


+82 6 24.0 


0.336 


0.771 


-8.1 


- 7.6 


2 11 52 51.8 


14 


19,4 


-3 17.4 


- 2 42.8 


12 65 14.6 


+ 81 21 69.4 


0.228 


0.810 


-7.4 


- 6.4 


*23 11 41 59.6 


15 


24,9 


+0 43.18 


+ 36.7 


14 16 42.74 


+ 70 49 37.4 


9.914 


0.848 


-2.73 


- 3.1 


Oct. 15 11 43 42.7 


16 


18,4 


-4 69.27 


- 2 49.6 


14 50 57.93 


+66 16 66.4 


9.639 


0.904 


-2.35 


- 4.2 


17 12 12 10.0 


17 


16,6 


+6 20.44 


+ 2 26.8 


14 63 54.22 


+66 6 46.8 


9.442 


0.919 


-2.28 


- 6.0 


19 12 7 25.0 


18 


16,7 


-1 33.30 


+ 4 37.7 


14 56 48.17 


+66 56 50.6 


9.438 


0.920 


-2.31 


- 6.2 


20 11 43 7.4 


18 


til, 16 


-0 7.60 


+ 65.8 


14 68 13.85 


+ 65 53 8.4 


9.674 


0.911 


-2.33 


- 5.5 





Mean Places 


of Comparison/- Stars f 


or the beginning of the 


year. 


* 


a 


8 


Aothority 


* 


a 


8 


Authority 


1 


Dm* 

2 48 41.49 


+24 13 29.5 


Berlin B, A.G. 852 


10 


b m • 

4 5 36.13 


+ 77 49 43.1 


Kasan, A.G. 666 


2 


2 53 27.21 


+33 26 43.5 


Leiden. A.G. 1122 


11 


11 15 13.3 


+84 45 43.9 


Carrington 1679 


3 


2 49 41.47 


+36 32 39.6 


Lund, A.G. 1498 


12 


12 7 34.9 


+83 20 30.9 


Carrington 1815 


4 


2 52 20.63 


+39 40 17.0 


Lund, A.G. 1517 


13 


12 43 40.9 


+82 9 41.3 


Carrington 1897 


5 


3 1 46.87 


+ 45 53 47.2 


Bonn, A.G. 2630 


14 


12 58 39.4 


+ 81 24 48.6 


Carrington 1936 


6 


3 5 37.32 


+ 51 38 48.5 


Camb., U.S., A.G. 1413 


15 


14 16 2.29 


+70 49 3.8 


Dorpat, A.G. Zones 


7 


3 5 32.23 


+54 22 39.4 


Cam b., U.S., A.G. 1411 


16 


14 66 69.56 


+66 19 50.1 


Newcomb 961 


8 


3 3 57.31 


+57 1 52.5 


Hels.&Gotha, A.G.2813 


17 


14 48 36.06 


+66 3 25.0 


Christiania, A.G. 2216 


9 


3 13 20.66 


+64 39 62.9 


Hels.&Gotha,A.G.2920 


18 


14 68 23.78 


+65 62 18.1 


Christiania, A.G. 2236 



* The observations from July 27 to Sept. 2 were made with the 12-inch equatorial ; those from Sept. 
equatorial, f Micrometer measurement. Note: — Oct. 20, ** Exceedingly faint for all measures.'* 



to Oct. 20 on the 20tinch 



2387 —GEMINORUM. 



A cable dispatch of March 27, from Dr. Kbeutz, an- 
nounced the discovery by Prof. Turner, at Oxford Uni- 
versity Observatory, of a new star in the position, 

a = e** 37" 48* , S = +30^ 3' 

but which might possibly be a variable. Its magnitude on 
March 16 was 8.0. The cipher words of the dispatch, 
trouble valerian, are construed as meaning that it was not 
visible on the plates of February 16. 

On March 28, telegrams were received from Harvard Col- 
lege Observatory, communicating a dispatch from Prof. 
Hale, at Yerkes Observatory, giving the position. 



1903 Mar. 27.750, a = 6»» 37" 49« , 8 = +30** 2' 38'' 

and the magnitude as 8.5 ; and stating that the spectmm 
contains bright lines or bands ; also a dispatch from Capt. 
Chester, Superintendent of Naval Observatory, stating 
that the star was photographed there on March 27, and 
that the magnitude was 8.5, color red. 

By Prof. Barnard's note printed on another page of this 
number, the accurate position, observed at the Yerkes 
Observatory, is 

a = e** 37" 48*.96 , h = +30^ 2' 38^3 (1900.0) 
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OBSERVATION OF THE POSITION OF TURNER'S "JS^OVA;' (2387 —GEMINORUM), 

By E. E. BARNARD. 



The position of this star was observed with the microme- 
ter of the 40-ineh on March 27. No comparison-star was 
available for direct measurement. The comparison-star 
used (A.G. Camb., Eng., 3482), was too distant in declina- 
tion for differences of right-ascension. A star of 12" was 
therefore used as an intermediate. 

Ja Nova and 12" star, 5 b.l = 23!49 (4) 
M " " 2 16.0 (3) 

The 12" star was s.f. 

The small star was then referred to A.G. 3482. 



/la 3482 and 12« star 



1 58.36 (12) 
^ " 3 41.6 (2) 

The 12" star n.p. 

The Nova was also referred direct to 3482 in declination. 

M 5' 57".0 (2) Nova north. 
These observations give 

Nova -3482, ^a = -2°'2L85 
Nova -3482, M = +5 57!'3 
Yerkes Observatory^ Williams Bay, Wis,, 1908 March 28. 



IS 



The place of the comparison-star (A.G., Camb., Eng. 3482) 
1903.0 a = 6»» 40™ 22».31 8 = +29^ 56' 30.7 



This gives the place of the Nova, 

h 



1903.0 
1900.0 



6 38 0.46 
6 37 48.96 



+ 30 2 28.0 
+30 2 38.3 



At IV" 0% a direct estimate made the Nova 8".2. It 
was estimated to be ^ of a magnitude less than the com- 
parison-star, which is given as 8".2 in DM. This would 
make the Nova 8".4 on the DM. scale. It was of a strong 
red color. 

Careful tests were made for focus with a power of 700 
diameters. The results are 



2.12 inches (4 obs.) 
2.10 <* (6 obs.) 



Focus for Nova, 

Focus for 8" star, 

Focus, iVova— Star = +0.02 inch. 

The difference is too small to mean anything, though it 
is in the right direction for a Nova, 



NOTES ON VARIABLE STARS, — No. 37, 



By henry M. PARKHURST. 



Approximate Maxima. When from scarcity of decisive 
observations it becomes necessary to substitute the maxi- 
mum from the elements for the observed maximum, as 
indicated by E in the column of weights, there may yet be 
an indication from the light-curve shown by the observa- 

Results op Observations 



tions, of an approximate maximum, which may be given by 
its Julian date in the column headed "Mag.," and thus 
either confirm the elements or suggest their approximate 
correction. 









Observed Date 














No. 


Star 


Phase 


Julian 


Calendar 


e 


Corr. 


W. 


Mag. 


Factors 


Remarks 


6888 


RW Sagittarii 


_ 


_ 


180S-8 


_ 


_ 


_ 


-. 


— _ _ 


No period ascertained 


6892 


RX Sagittarii 


Max. 


6018 


Sept. 15 


6 


- 


E 


6045: 


- _ - 


320<» A.J, 466 


6900 


W Aquilae 


Max. 


6041 


Oct. 18 


7 


_ 


E 


— 


_ _ _ 


XJ.393 


7118 


X Aquilae 


Min. 


6066 


Nov. 12 


10 


— 


E 


- 


_ « _ 


A, J, 347 


7155 


RR Aquilae 


Max. 


6096 


Dec. 12 


7 


- 


6 


- 


« _ _ 


Approximate period 389<* 


7162 


RtS Aquilae 


- 


- 


- 


- 


- 


- 


- 


- _ _ 


Period about 400<» probably 


7242 


S Aquilae 


Max. 


6049 


Oct. 26 


92 


- 


E 


- 


- - - 


Correct'n apparently increas'g 


7244 


RW Aquilae 


Max. 


6114 


Dec. 30 


194 


- 1 


6 


- 


- _ - 


Period 7.87. ^. J. 490 


7261 


R Delphini 


Max. 


6113 


Dec. 29 


48 


-66 


6 


7.9 


_ _ - 


Shortening of period confirmed 


(7416) 


-19*'5892 


- 


- 


- 


- 


- 


- 


- 


- - - 


Third catalogue, supplement 


7458 


r Delphini 


Max. 


6042 


Oct. 19 


8. 


- 


E 


6107: 


_ - _ 


Probably much later 


(7484) 


— Cygni 


- 


- 


- 


- 


- 


- 


- 


- - - 


Third catalog^ue, supplement 


(8104) 


— Aquarii 


- 


- 


- 


- 


- 


- 


- 


- - - 


ti (t u 


(8106) 


— Pegasi 


- 


- 


- 


- 


- 


- 


- 


- - - 


(t it t( 


7896 


V Pegasi 


Max. 


6118 


Jan. 3 


9 


- 


E 


6089 : 


- _ - 


Probably much earlier 


8230 


S Aquarii 


Max. 


6058 


Nov. 4 


56 


- 


E 


6058: 


- - _ 




8290 


R Pegasi 


Max. 


6106 


Dec. 22 


50 


- 2 


6 


10.1 


_ _ - 


Correction probably too small 


8373 


S Pegasi 


Max. 


6161 


Feb. 15 


48 


-19 


6 


- 


_ - - 


Low in west 


8512 


R Aquarii 


Max. 


6127 


Jan. 12 


86 


-16 


9 


6.14 


1.22 0.91 16* 




8562 


Z Aquarii 


Max. 


4984 


Nov. 25 


z 


- 


2 


6095: 


- _ - 


1899 


8622 


W Ceti 


Max. 


6122 


Jan. 7 


7 


-h72 


7 


— 


— _ — 


Sky very uncertain 
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Individual Observations. 
Including ObservaUons by Arthur C. Perbt. 



6888 RW Sagittarii. 

(Cont.from456. Comp.StarB421) 
Julian Calendar Mag. 

1899 

4843.6 July 7 10.11 
4867.6 31 9.4p 



1900 

5228.6 July 27 
5246.6 Aug. 14 



10.0 
9.6 
9.7 
9.7 
9.4 
9.2 



5257.6 25 
5280.5 Sept. 17 
5312.5 Oct. 19 

5318.5 25 

1901 

5609.6 Aug. 12 10.0 
5673.5 Oct. 15 9.2 

Range of 7 dates 

190S 

6082.5 Nov. 28 9.7 

6085.5 Dec. 1 9.6 

6892 RX Sagittarii, 

(Cont.froxn456. Coxnp.SUr8421) 

4843.6 July 7 13] 
4928.6 Sept. 30 12]p 

1900 

5228.6 July 27 to 
5318.5 Oct. 25 13] 
6 dates 



5609 
5664 



1901 

Aug. 12 to 
Oct. 6 13] 
6 dates 



6082.5 Nov. 28 10.0 
6085.5 Dec. 1 9.8 



7155 RR Aquilae. 
rCont.from 490. Comp. Stars 893) 
Julian Calendar 

1901 

Aug. 
Sept. 



5609.5 
5632.5 
5643.5 
5664.5 
5665.5 
5668.5 
5671.5 
5677.5 



6900 Wj 


igui 


lae. 


(Cont.from456. Comp. Stars 389) 




1901 






5609.6 


Aug. 


12 


10.9 


5631.6 


Sept. 


3 


11.0 


5634.6 




6 


11.2 


5643.6 




15 


11.4 


5665.6 Oct. 


7 


13] 




190] 






6089 


Dec. 


6 


9.8: 


6102 




18 


9] 


7118 X Aquilae. 


(Cont.f rom490. Comp Stare 389) 




190S 






6082 


Nov. 


28 


12.1] 


6102 


Dec. 


18 


11.8] 



Oct. 



12 

4 

15 

6 

7 

10 

13 

19 



Dec. 



1903 

6082.5 Nov. 28 
1 
5 
8 
17 
18 
23 
27 
30 



6085.5 
6089.5 
6092.5 
6101.5 
6102.5 
6107.5 
6111.5 
6114.5 



12 
12' 
12' 

9.1 

9,00. 

8.77. 

8.85. 

8.91, 

8.0 
8.2 
8.2 
8.2 
8.1 
8.0 
8.1 
8.2 
8.2 



7261 RDelphini. 

rContinued from 498.) 
Julian Calendar Mag, 

1901 

5685 July 19 



I (7484) — Cygni.— Gout 
\ Julian Calendar Mag. 



5604 Aug. 7 



7162 RS Aquilae, 

(Cont.f rom490. Comp.Star8464) 

1901 

5607.6 Aug. 10 to 
5664.5 Oct. 6 13] 
4 dates 

1903 

6082 Nov. 28 to 
6102 Dec. 18 13] 
3 dates 

7242 S Aquilae. 
(CoDt.f rom 425. Comp.Stars 464) 

1908 

6085 Dec. 1 9.3 
6102 18 9.4 

7244 RW Aquilae. 

(Cont.from490. Comp.Stars 484) 

1908 

6085.5 Dec. 
6090.5 



6091.5 
6092.5 
6093.5 
6101.5 
6102.5 
6103.5 
6107.5 
6108.5 
6111.5 
6112.5 
6114.5 
6115.5 



1 

6 

7 

8 

9 

17 

18 

19 

23 

24 

27 

28 

30 

31 



8.7 
8.6 
8.8 
8.6 
8.7 
8.7 
8.9 
8.8 
8.9 
9.1 
8.7 
8.6 
8.6 
8.8 



6085 
6089 
6092 
6101 
6102 
6107 
6111 
6115 

6121 



1903 

Dec. 



1 
5 
8 
17 
18 
23 
27 
31 



1903 

Jan. 



9.7 
11.2 

8.9 
8.6 
8.8 
8.4 
8.7 
8.8 
7.9 
8.1 

8.7 



14579 
14639 



1898 

Oct. 16 to 



Dec. 15 



3 dates 



12.5 
±.3 



7896 VPegasi. 

I (Continued from 48S.) 

I 1903 

16089 Dec. 5 9.8 
,6101 17 9.8] 
6111 27 11.3] 



(S.DM) 
(7416) -19*'5892. 

1896 

3777 Aug. 5 8.9 

3809 Sept. 6 9.0 

3860 Oct. 27 8.7 

3897 Dec. 3 8.7 

1897 

July 



(8104) - 


Aquarii. 


(Continued from 37S.) 




MM 






3813 


Sept. 


10 


12.2 


3870 


Nov. 

18*1 


6 


12.5 


4138 


Aug. 


1 


12.2 


4257 


Nov. 


27 


12.3 




1896 




4545 


Sept. 


12 


12.0 



4111 
4114 
4144 
4166 
4215 
4256 

4587 



Aug. 



Oct. 
Nov. 

1898 

Oct. 24 



5 
8 
7 
29 
17 
27 



8.8 

8.9 

8.63. 

9.08; 

8.97,1 

8.82. 

8.92 



(8106) -Pegasi. 

(Continued from 372.) 

Same dates as (8104) 
No perceptible change 



7458 VDelphini. 
(Cont.from483. Comp.StarsSll) 

1902 

6085 Dec. 1 10.7 

6102 18 10.7 

6107 23 10.0 

6111 27 11.5 

(7484) - Cygni. 
3776 Au^ 4 to 



3948 



4078 
4283 



1897 

Jan. 23 



10 dates 

1897 

June 2 
Dec. 24 

5 dates 



12.5 
±.3 



to 

12.5 
±.3 



8230 SAquarii. 
(Continaed from 487.) 

1902 

6089 Dec. 5 9.2 
6111 27 10.5 

1906 

6123 Jan. 8 10.7] 
8290 R Pegasi. 

(Continued from 487.) 



6089 
6103 
6107 
6114 



1902 

Dec. 



5 
19 
23 
30 



lO.l 

10.4 

9.9 

10.6 



8373 S Pegasi. 

(Cont.from 487. Comp.Stars 464) 



6089 
6103 
6107 
6114 

6123 
6128 



1902 

Dec. 



Jan. 



5 
19 
23 
30 

8 
13 



11.6 
9.9 
9.8 
9.7 

9.5 
9.3 



8373 S Pegasi. — Cont. 
Julian Calendar Mag. 



6132 
6136 
6143 
6145 
6151 
6158 
6160 
6168 



1906 

Jan. 17 
21 
28 
30 
5 
12 
14 
22 



Feb. 



9.3 
9.3 

8.9 

8.7 

8.5 

7.93, 

7. 76 J 

8.4 



8512 R Aquarii. 
(Continued from 488.) 

1902 

6089 Dec. 5 7.9 

6092 8 7.6 

6101 17 7.i 

6102 18 8.1 
6107 23 7.7 
6114 30 6.8 

1906 

6123 Jan. 8 6.2 

6127 12 6.0 

6128 13 5.8 
6132 17 6.78 
6136 21 6.76, 
6141 26 6.8 



8.1p 

8.6 
8.8 
8.4 
9.0 



8562 Z Aquarii. 

1899 

4984.6 Nov. 25 

1902 

6101 Dec. 17 

6102 18 
6107 23 
6114 30 

1906 

6123 Jan. 8 9.7 

6127 12 9.8 

6128 13 9.6 
0136 , 21 102 

8622 W Ceti. 

(Continued from 48B.) 

1902 

6089 Dec. 



6101 
6102 
6107 
6114 

0123 
6128 
6132 
6136 
6141 



IM6 

Jan. 



5 
17 
18 
23 
30 

8 

13 
17 
21 
26 



8.3 
9.0 

7.8 
7.8 
7.8 

7.8 

7.4 

7.91 

8.49 

8.7 
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DETERMINATION OF ABSOLUTE MAGNITUDE-EQUATION FOR THE 
CATALOGUE OF 627 STANDARD STARS (^.e/. 531-2), 

By lewis boss. 



In the computation for the right-aBcensions of the Cata- 
logue of 627 Standard Stars the numerical data for each 
star occupy a single sheet. Upon each is entered at the 
outset, in the chronological order of catalogues, the com- 
parison, 0— C, of each catalogue of observation with a 
previously assumed right-ascension and annual motion. 
This is the permanent basis of the subsequent compu- 
tations. In succeeding columns are arranged the residuals 
corrected for systematic errors of the form, ^a^ and Ja^ , 
in the successive approximations. The last column on 
each star-sheet contains the final residuals, C— 0, resulting 
from the definitive computations, for the Catalogue of 
Standard Stars. These residuals are freed from the effect 
of zi«, and /ids according to the values of these quantities 
adopted in the final computation, — values which are, in 
all cases, close approximations to those which have been 
finally computed subsequently to the formation of the 
definitive right-ascensions. It is evident, therefore, that 
these residuals are well suited for the accurate discussion 
of any type of systematic correction which it is desired to 
investigate independently of Ja^ and Ja^. 

Throughout the computations for the catalogue it had 
seemed to me altogether probable that the subject of mag- 
nitude-equation is not yet amenable to precise formulation 
and definite numerical treatment. But when the operations 
for deducing the finally adopted values of zia. and Ja^ had 
been completed, it occurred to me that certain points of 
interest relative to the magnitude-effect ought not to be 
neglected. Abundant well tested material for such discus- 
sions was already available in a perfectly convenient form ; 
and no relatively great loss of labor would result in case 
the investigation should prove to be barren of definite 
conclusions. 

Once entered upon, the course of the investigation 
followed almost without volition on the part of the com- 
puter, and without reference to his preconceived notions. 
Therefore it is quite natural that the results should be 
presented in the order in which they were obtained. This 



course is especially appropriate since each conclusion stands 
as it was first produced and without subsequent revision. 

Description of Table I. 

The entire investigation derives its material of observa- 
tion from Table I ; therefore, for a clear comprehension of 
what follows, it will be necessary to understand the con- 
struction of this table. All the " star-sheets " were arranged 
in the order of magnitude in three zones, as follows : 

Zone Limits 



I 


+60 to +30 


II 


+29 to -22 


III 


-23 to -60 



The adopted magnitudes are those of the Harvard Pho- 
tometry. 

Then in each zone the separate residuals, C— 0, for each 
catalogue are collected in groups falling as nearly as may 
be upon an even magnitude. Zone II (the equatorial zone) 
is readily recognized in the tables through the group of 
eight stars of mean, 0".9. It is in the second column for ob- 
servatories having northern latitude and in the first column 
for those having southern latitude. Each of the mean resid- 
uals is a statement of the mean observed correction given 
by the Standard Catalogue to the catalogue of observation in 
question, as a result of the mean by weights of all the 
residuals contained in the given zone for the particular 
group of magnitudes to which it refers. 

Since very closely approximate values of Ja^ and Ja^ 
were employed in the derivation of the final residuals upon 
the star-sheets, and since the means of Table I involve all 
hours of right-ascension and a wide range of declination, it 
is evident that any outstanding errors which could be 
attributed to defective knowledge of z/a. and Ja^ are 
practically of no importance at all, except possibly in a few 
instances where the number of stars involved in the mean 
is very small. We may, therefore, assume that Table I 
exhibits the effect of differences of magnitude-equation 
combined with casual errors of observation. For each zone 
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is given in the first column the number of stars partici- 
pating in the respective means, and in the second column 
the combined weight upon a unit of which the probable 
error is ±0*.0l. Where the probable error is supposed to 
be greater than ± 0».015 the weight is suppressed. 

To prepare the mean residuals for examination it was 
decided to take as the zero of reference, 3**. 5, and to estab- 
lish this through the arithmetical mean of the groups for 
3*'.0 and 4**.0. This procedure is illustrated by the follow- 
ing example in which the residuals for Zone II in the case 
of Cordoba 1875 are treated. 



Mag. 


»» 


Wt. 


J'a. 


Ja„ 


0.9 


8 


7 


+ 0.006 


+0.008 


2.0 


13 


9 


+0.003 


+0.005 


3.0 


41 


30 


-0.001 


+0.001 


4.0 


66 


30 


-0.003 


-0.001 


6.0 


60 


17 


-0.004 


-0.002 



The numbers in the column, ^'a„, are the mean residuals 
as they were directly computed from the separate residuals 
collected from the star-sheets. The mean for the groups, 



S^.O and 4»'.0, is — 0».002. Adding to the numbers in 
column, z/'«^, -HO". 002, so as to make the sum of the re- 
siduals for 3^.0 and 4**.0 zero, we derive the adopted 
residuals in the last column,* zla^y which are thus supposed 
to be referred to 3**. 5 as the zero-origin. In precisely this 
manner, without exception, all of the residuals for each of 
the zones were referred to the zero-origin, 3**.5 ; and where 
this was not possible for a certain zone on account of the 
scanty weight for one or the other of the residuals for 3**.0 
or 4**.0, that zone has been omitted from the computations. 

All the work up to this point was done in a purely 
mechanical way upon a uniformly prescribed plan, carried 
out with undeviating rigor, regardless of what might seem 
to be discordances or anomalies. 

The last column in each of the sub-tables which make up 
Table I is the mean by weights of the individual zones ; 
and the weight belonging to each residual is the sum of the 
corresponding weights in the separate zones. It is scarcely 
necessary to remark that much the larger part of the 
weight in the final residuals is due to the equatorial zone. 



Greenwich 1765 (A.-B.) 
*♦ p Ja« 



Final Results 

** p 



TABLE I. 
FOR Magnitude-Equations, with Observed Values of Ja„ 



1.8 
3.1 
3.9 
4.8 



14 

26 

38 

5 



+ .037 
.000 
.000 

-.070 



0.9 
2.0 
3.0 
4.0 
5.0 



Konigsberg 1825 



8 

14 

51 

124 

87 



2 
2 
5 
10 
6 



1.6 
3.1 
3.9 
4.7 



1.9 
3.0 
3.9 
4.7 



9 

7 
6 
3 



3 
2 

1 
1 



+ .027 
-.005 
+ .005 
+ .001 



0.9 
2.1 
2.9 
4.3 



8 
7 
8 
3 



.004 

-!ooi 

+ .002 
-.002 
+ .002 
-.009 

.004 

+ .004 

+ .029 
+ .005 
-.007 



Ja«,=-S011 

Jam 



0.9 
1.9 
3.0 
4.0 
5.0 

Jam = 

0.9 
1.9 
2.9 
4.1 
4.7 



-.001 
+ .014 
-.002 
+ .002 
-.011 

-^.012 

+ .004 
+ .028 
+ .001 
.000 
+ .001 



Dorpat 1824 



15 

17 

23 

4 



'n- = — •. 



2 


-.019 


1 


-.010 


1 


+ .010 


- 


+ .004 



0.9 
2.1 
2.9 
3.9 
5.0 



J'a„ = 

8 

8 
16 
25 
10 



0O4 

+ .012 
+ .004 
+ .001 
-.001 
-.015 



Ja« =— -.011 



St. Helena 1830 



J'a^= -.OOO 



0.9 
2.1 
3.0 
4.0 
5.0 



1.9 
3.0 
4.0 
4.9 



8 
10 
32 
47 
35 



2 
2 
5 
5 
3 



-.008 
.000 
.000 
.000 

-.005 



2.1 18 

3.0 39 

4.0 50 

4.9 30 



1 -.006 

1 +.001 

1 -.001 

1 -.021 



0.9 
2.0 
2.9 
3.9 
5.0 

Jam = 
0.9 

2.1 
3.0 
4.0 
5.0 



+ .012 
-.002 
.000 
+ .001 
-.012 

-•.008 

-.008 

-.002 

.000 

..000 

-.008 



Abo. 1830 



12 

13 

16 

4 



7 
6 
6 
1 



+ .002 
+ .006 
-.006 
-.006 



0.9 
2.1 
3.0 
4.0 
5.1 



J'am = —'.004 Jam = --.012 

0.9 +.010 
2.0 +.003 
3.0 +.005 

4.0 -.005 

5.1 -.006 



8 

8 

22 

44 

26 



9 

9 

13 

14 



+ .010 
+ .004 
+ .004 
-.004 
-.006 



Greenwich 1830 



J'am = 



1.9 
3.1 
3.9 
4.8 



15 

26 

42 

4 







0.9 


8 


1 


-.002 


2.0 


14 


1 


-.005 


3.0 


61 


1 


+ .005 


4.0 


121 


_ 


+ .024 


5.0 


73 



-•.003 

2 +.002 
-.004 
+ .005 
-.005 
-.011 



2 
5 
8 
5 



Jam = 
0.9 
2.0 
3.0 
4.0 
5.0 



—•.010 

+ .002 
-.004 
+ .003 
-.004 
-.010 



Cambridge 1830 

♦* P JOm 



J'am = 



0.9 


8 


2.0 


13 


3.0 


28 


4.0 


56 


6.1 


62 



002 

Jom 

-!005 
-.020 
+ .003 
-.003 
-.001 



Cape 1840 



J'am = •.OOO 



0.9 


8 


4 


2.1 


9 


4 


2.9 


31 


10 


4.0 


48 


10 


4.9 


40 


2 


6.8 


8 


1 



-.004 
.000 
+ .001 
-.001 
-.021 
+ .023 



2.1 17 

3.0 40 

4.0 48 

4.9 28 



2 +.007 

4 +.005 

4 -.005 

2 +.001 



Greenwich 1840 



J'am=-f-..009 



-•.OOO 

Jom 

-*005 
-.020 
+ .003 
-.003 
-.001 
-\008 
-.004 
+ .002 
+ .002 
-.002 
-.010 
+ .023 
Jam = +-.001 



Jam = 

M 

0.9 
2.0 
3.0 
4.0 
5.1 

Jam = 

0.9 
2.1 
2.9 
4.0 
4.9 
5.8 



0.9 
2.1 
2.9 
4.0 
4.9 
5.9 



8 
11 
35 
59 
55 

6 



Greenwich 1845 



3 
4 
10 
10 
6 
1 

J'Om = +-, 



-.027 
-.006 
-.005 
+ .005 
+ .014 
+ .009 
.007 



0.9 
2.1 
2.9 
4.0 
4.9 
5.9 

Jam = 



1.9 
3.1 
3.9 
4.7 



1.9 
3.1 
3.9 
4.7 



1.9 
3.1 
3.9 
4.8 



11 

17 

31 

2 



2 
2 
1 



-.016 
+ .020 
-.020 
+ .069 



Radcliffe 1845 



14 
16 
33 
4 
Pulkowa 1845 



1 


+ .022 


1 


-.001 


2 


+ .001 


- 


-.017 



15 

27 

41 

3 



11 

17 

25 

1 



-.004 
-.006 
+ .006 
+ .004 



0.9 
2.0 
2.9 
4.0 
4.9 
5.9 

0.9 
2.1 
2.9 
4.0 
5.0 

0.9 
2.0 
3.0 
4.0 
5.0 



8 8 -.015 0.9 

12 10 -.007 2.0 

38 25 -.003 2.9 

37 25 +.003 4.0 

61 15 +.013 4.9 

8 2 +.022 5.9 

J'am = — '.008 Jam = — ".OlO 



-.027 
-.006 
-.005 
+ .005 
+ .014 
+ .009 
-•.001 
-.015 
-.008 
-.002 
+ .002 
+ .016 
+ .022 



8 
10 
36 
69 
53 



J'am = +• 



8 

14 

51 

112 

21 



6 
16 
50 
96 

8 



.000 
+ .029 
+ .007 
-.007 
-.017 
.002 
-.003 
-.001 
-.001 
+ .002 
-.001 



0.9 
2.0 
2.9 
4.0 
5.0 



.000 
+ .026 
+ .006 
-.006 
-.017 



Jam = — %005 
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Paris 1845 


J'a« = +«.003 Ja« = -•.005 




Greenwich 1864 


j'a. = — '.ooi Jo. = -'.oog 


•* p Jon, 


' ** p Ja« Jam 




« P Ja, 


•• P 'iOm -)o.i 


M 8 


o"9 8 5 -.006 


0.9 -.006 


M 


8 


0"9 8 14 +.001 


0.9 +.001 


1.9 15 8 -.007 


2.0 14 15 -.011 


2.0 -.010 


1.9 


11 5 +.002 


2.0 13 16 +.003 


2.0 +.003 


3.1 24 14 +.007 


3.0 48 43 -.004 


3.0 -.001 


3.1 


17 4 +.002 


3.0 46 60 .000 


3.0 .000 


3.9 35 6 -.007 


4.0 119 56 +.004 


4.0 +.003 


3.9 


19 6 -.002 


4.0 94 75 .000 


4.0 .000 


4.8 5 1 -.006 


4.9 72 28 +.002 


4.9 +.002 


4.7 


3 - -.012 


4.9 62 41 -.003 


4.9 -.003 




6.1 12 3 -.006 


6.1 -.006 






6.0 12 7 .000 


6.0 .000 


Santiago 1850 


J'a« = -*.004 Jam = —-.013 




Cape 18(t6 


j'a» = -'.ooe Jo. = -'.oi* 




0.9 8 3 +.008 


0.9 +.008 


0.9 


8 4 +.011 




0.9 +.011 




2.1 10 3 +.002 


2.1 +.002 


2.0 


13 6 +.010 


2.1 13 2 +.011 


2.0 +.010 




2.9 29 9 +.006 


2.9 +.006 


3.0 


40 16 +.004 


3.0 31 3 +.016 


3.0 +.006 




4.0 39 6 -.006 


4.0 -.006 


4.0 


71 26 -.004 


4.0 2] 1 -.016 


4.0 -.005 




5.0 25 2 -.008 


5.0 -.008 


4.9 


60 18 -.008 


4.9 15 1 +.006 


4.9 -.007 


Greenwich 1850 


J 'am = +-.003 Jam = --.005 


6.1 


11 3 -.016 




6.1 -.016 




0.9 8 7 -.003 


0.9 -.003 




Brussels 1865 


J 'a, = +*.004 Jcu = — ».004 


1.9 13 3 -.001 


2.0 14 9 -.010 


2.0 -.009 






0.9 8 6 -.004 


0.9 -.004 


3.0 23 3 +.004 


3.0 50 27 -.003 


3.0 -.002 


1.9 


14 3 +.006 


2.0 13 6 +.003 


2.0 +.004 


3.9 27 3 -.004 


4.0 107 34 +.003 


4.0 +.002 


3.1 


25 4 -.003 


3.0 60 22 -.001 


3.0 -.001 




4.9 61 14 +.009 


4.9 +.009 


3.9 


38 4 +.003 


4.0 119 34 +.001 


4.0 +.004 




6.0 14 4 +.001 


6.0 +.001 


4.8 


6 1 +.030 


4.9 70 20 +.012 


4.9 +.013 


Cape 1860 


J'am = -SOOS Jam = --.0 1 1 






5.9 13 4 +.010 


5.9 +.010 


0.9 8 4 +.016 




0.9 +.016 




Harvard 1865 


J 'a.. = —'.005 Jo. = — '.0 1 3 


2.1 10 3 +.003 


2.1 16 3 +.003 


2.1 +.003 


1.9 


9 2 +.024 




1.9 +.024 


2.9 28 9 +.003 


3.0 37 4 -.006 


2.9 .000 


3.0 


17 3 -.002 


2.9 37 14 .000 


2.9 .000 


4.0 46 12 -.003 


4.0 46 2 +.006 


4.0 -.002 


3.8 


17 3 +.002 


4.0 68 25 .000 


4.0 .000 


5.1 52 10 .000 


4.8 24 2 -.011 


5.1 -.002 


4.8 


4 - +.013 


5.0 27 10 -.003 


5.0 -.002 


Washington 1860 


J'am = +-.003 Jam = -%006 




Pulkowa 1865 


J'o.. = — '.002 Jcu = — '.OlO 




0.9 8 6 .000 


0.9 .000 






0.9 8 18 +.004 


0.9 +.004 


1.8 14 3 -.024 


2.0 13 8 +.003 


2.0 -.004 


1.9 


16 18 .000 


2.0 14 25 +.009 


2.0 +.004 


3.0 24 3 +.019 


3.0 48 27 +.002 


3.0 +.004 


3.1 


27 27 .000 


3.0 46 71 .000 


3.0 .000 


3.9 31 3 -.019 


4.0 112 42 -.002 


4.0 -.003 


3.9 


41 42 .000 


4.0 105 150 .000 


4.0 .000 


4.8 4 - -.048 


4.9 70 28 +.007 


4.9 +.006 


4.8 


3 2 -.010 


4.8 9 10 -.008 


4.8 -.008 




6.0 14 5 +.009 


6.0 +.009 




Melbourne 1870 


J'o« = ".OOO Jo» = — •.0O7 


Greenwich 1860 


J'am = +».001 Jam = --.007 


0.9 


8 10 -.008 




0.9 -.008 




0.9 8 9 -.001 0.9 -.001 


2.1 


10 12 -.004 


2.1 15 4 -.001 


2.1 -.003 


1.9 11 5 +.014 


2.0 14 11 +.001 2.0 +.005 


2.9 


29 34 -.002 


3.0 36 6 +.002 


2.9 -.002 


3.0 13 4 +.002 


3.0 43 40 .000 


3.0 .000 


3.9 


28 31 +.002 


4.0 34 3 -.002 


3.9 +.002 


3.9 22 5 -.002 


4.0 98 63 . .000 


4.0 .000 


4.9 


16 16 -.006 


4.8 21 3 -.007 


4.9 -.006 


4.7 5 - +.027 


4.9 67 34 +.005 


4.9 +.005 


6.0 


4 4 -.007 




6.0 -.007 




6.0 14 8 +.001 


6.0 +.001 




Greenwich 1872 


J'o, = — '.002 Jam = — '.009 


Radcliffe 1860 


J'om = --.005 Jam = --.013 






0.9 8 16 +.006 


0.9 +.006 




0.9 8 2 -.002 


0.9 -.002 


1.9 


15 11 +.009 


2.0 14 20 +.007 


2.0 +.007 


1.9 15 1 +.005 


2.0 14 2 +.002 


2.0 +.003 


3.1 


26 11 +.010 


3.0 49 62 +.001 


3.0 +.003 


3.0 20 1 -.011 


3.0 47 9 +.005 


3.0 +.004 


3.9 


37 12 -.010 


4.0 108 98 -.001 


4.0 -.002 


3.9 24 1 +.011 


4.0 101 15 -.005 


4.0 -.004 


4.8 


4 - -.043 


4.9 67 61 +.006 


4.9 +.004 


4.8 5 - .000 


4.9 61 8 -.018 


4.9 -.017 






6.0 12 9 -.006 


6.0 -.006 




6.0 12 2 -.013 


6.0 -.013 




Washington 1875 


JW = — '.OOI Ja« = -".OOS 


Melbourne 1860 


J'am = -•.002 Jam = --.OOO 






0.9 8 14 +.003 


0.9 +.003 


0.9 8 5 -.004 




0.9 ^.004 


1.9 


15 8 -.003 


2.0 14 19 +.002 


2.0 .000 


2.1 10 6 +.002 


2.2 10 2 -.007 


2.1 .000 


3.1 


24 10 +.008 


3.0 60 60 +.001 


3.0 +.002 


3.0 33 17 +.003 


3.0 19 4 +.002 


3.0 +.003 


3.9 


38 11 -.008 


4.0 108 72 -.001 


4.0 -.002 


4.0 42 15 -.003 


4.0 19 2 -.002 


4.0 -.003 


4.7 


4 - -.019 


4.9 66 36 .000 


4.9 .000 


5.0 29 9 -.007 


4.8 8 1 -.007 1 5.0 -.007 






6.0 10 6 +.001 


6.0 +.001 


Paris 1860 


J'am = +*.004 Jam = --.003 




Pulkowa 1875 


J'a„ = +«.003 ^o. = — '.006 




0.9 8 10 -.008 


0.9 -.008 






0.9 8 7 -.005 


0.9 -.005 


1.9 15 7 -.006 


2.0 13 15 -.010 


2.0 -.009 


1.9 


15 6 -.016 


2.0 14 8 -.002 


2.0 -.008 


3.1 22 7 -.002 


3.0 50 45 -.002 


3.0 -.002 


3.1 


27 8 -.006 


3.0 45 27 .000 


3.0 -.001 


3.9 25 6 +.002 


4.0 106 70 +.002 


4.0 +.002 


3.9 


42 12 +.006 


4.0 111 67 .000 


4.0 +.001 


4.9 4 - +.015 


4.9 69 29 +.006 


4.9 +.006 


4.8 


6 1 +.035 


4.9 36 11 -.002 


4.9 +.002 




6.0 14 5 +.013 


6.0 +.013 






6.1 8 2 +.007 


6.1 +.007 
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Harvard 1876 



1.9 15 

3.1 27 

3.9 40 

4.7 3 



11 


+ .006 


14 


-.006 


22 


+.006 


2 


+ .005 



Cordoba 1875 



0.9 
2.0 
3.0 
4.0 
5.0 



8 
13 
41 
66 
50 



7 

9 

30 

30 

17 



-f.008 
-h.005 
+ .001 
-.001 
-.002 



Paris 1875 



1.9 14 

3.0 21 
3.9 24 

5.1 2 



3 -.019 

5 -.005 

6 -f.005 
1 -.006 



Cape 1880 



0.9 
2.0 
3.0 
4.0 
4.9 
6.1 

0.9 
2.1 
3.0 
4.0 
4.9 
5.9 



8 
14 
43 
S6 
54 

8 



6 

7 

21 

25 

15 

3 



+ .013 
+ .005 
.000 
.000 
-.008 
-.006 



Melbourne 1880 



8 
12 
45 
34 
46 

6 



5 

7 
22 
29 
14 

3 



-.008 
+ .001 
-.003 
+ .002 
+ .005 
+ .007 



Greenwich 1880 



1.9 
3.1 
3.9 
4.8 



1.9 
3.1 
3.9 
4.7 

0.9 
2.1 
3.0 
4.0 
4.9 
5.9 



15 

24 

38 

5 



7 
6 
9 
1 



+ .006 
-.005 
+ .005 
-.040 



Pulkowa 1885 

15 18 +.002 
27 26 -.003 
40 41 +.003 

2 2 -.015 

Cape 1885 



8 

13 

50 

114 

59 

6 



6 

8 

35 

76 

30 

3 



+ .010 
-.001 
.000 
.000 
+ .002 
-.007 



Strassburg 1885 



0.9 
2.1 
3,0 
4.0 
4.9 
6.1 



•* p 
11 

14 
44 
83 
33 
2 



8 
11 
45 
98 
46 

3 
J'a« = - 



2.1 
3.0 

4.0 
4.8 

0.9 
2.0 
3.0 
4.0 
4.9 
6.0 



18 
42 
53 
31 

J'a« = 
8 

14 
47 
96 
67 
13 



.OOl 

Jam 

.000 
-.002 
+ .001 
-.001 

.000 
-.012 
.002 

+ .005 

+ .002 

-.002 

+ .011 

.003 

-.010 

-.002 

.000 

.000 

+ .006 

.000 



J'a« = --.003 



2.1 18 

3.0 41 

4.0 53 

4.8 29 



+ .016 
-.004 
+ .004 
+ .022 



1.9 
2.9 
4.1 
4.9 



J'ai = -H.003 

9 
12 
13 
11 



-.009 
-.011 
+ .011 
+ .004 



J'cu = +-.001 



0.9 
2.1 
3.0 
4.0 
4.9 
6.0 

0.9 
2.0 
3.0 
4.0 
4.7 



8 
13 
50 
115 
61 
14 



14 
17 
54 
88 
48 
8 



-.005 
-.006 
-.001 
+ .001 
.000 
.000 



J 'am = •.OOO 

8 
14 
45 
99 

6 

J'Om = -.OOO 



18 
25 
72 
151 
10 



-.002 
+ .001 
+ .001 
-.001 
.000 



2.1 
3.0 
4.0 
4.9 



18 
40 
34 
14 



4 
6 
6 
3 



-.007 
-.001 
+ .001 
+ .017 



J 'am = +S001 



1.9 
3.1 
3.9 
4.7 









0.9 


8 


15 


10 


-.003 


2.0 


13 


19 


8 


+ .002 


3.0 


45 


19 


8 


-.002 


4.0 


85 


2 


1 


+ .015 


4.9 
5.7 


45 

7 



14 
16 
47 
70 
34 
4 



-.004 
-.007 
-.002 
+ .002 
+ .002 
-.016 



Jam = • 

M 

0.9 
2.1 
3.0 
4.0 
4.9 
6.1 

Jam = 

0.9 
2.0 
3.0 
4.0 
5.0 

JOm = 
0.9 

2.0 
3.0 
4.0 
4.9 
6.0 
Jam = 
0.9 
2.0 
3.0 
4.0 
4.9 
6.1 

Jam = 

0.9 
2.1 
3.0 
4.0 
4.9 
5.9 

Jam = 

0.9 
2.0 
3.0 
4.0 
4.9 
6.0 
Jam = 
0.9 
2.0 
3.0 
4.0 
4.7 

Jam = 

0.9 
2.1 
3.0 
4.0 
4.9 
5.9 

Jam = 

0.9 
2.0 
3.0 
4.0 
4.9 
5.7 



•.GO 7 

Jam 

.000 
+ .001 
-.001 
+ .001 
+ .005 
-.012 

-•.DIG 
+ .008 
+ .005 
+ .001 
-.001 
-.001 

-•.005 
-.010 
-.007 
-.001 
+ .001 
+ .006 
.000 

—•.Oil 
+ .013 
+ .008 
-.001 
.000 
-.004 
-.006 

-•.005 
-.008 
-.001 
-.004 
+ .002 
+ .005 
+ .007 

-•.007 
-.005 
-.003 
-.001 
+ .001 
-.001 
.000 

-'.008 

-.002 

+ .001 

.000 

.000 

-.002 

-•.008 
+ .010 
-.003 
.000 
.000 
+ .003 
-.007 

-•.006 
-.004 
-.005 
-.001 
+ .001 
+ .002 
-.016 



1.9 
3.1 
3.9 
4.9 



0.9 
2.0 
3.0 
4.0 
4.9 
6.2 



Radcliffe 1890 
** p Jam 



10 

19 

23 

3 



Cape 1890 



J 'am =SOOO 



JttM 



1 


-.012 


2 


+ .013 


2 


-.013 


— 


+ .019 



8 

14 

51 

120 

59 

6 



5 

9 

33 

70 

26 

3 



+ .013 
+ .007 
+ .003 
-.003 
-.009 
-.017 



Greenwich 1890 



2.0 
3.1 
3.9 
4.7 



1.7 
3.1 
3.9 
4.7 



1.9 
3.0 
3.9 
4.7 



13 

25 

42 

3 



10 

18 

26 

2 



-.010 
-.002 
+ .002 
+ .001 



Lisbon 1890 



11 
20 
33 

9 



10 

19 

29 

1 



+ .004 
-.003 
+ .003 
+ .019 



Berlin 1895 



14 

21 

40 

3 



10 

13 

27 

2 



-.001 
+ .003 
-.003 
-.013 



Mt. Hamilton 1895 
1.6 3 1 +.017 

3.0 4 2 -.011 
3.9 4 2 +.011 

5.1 2 1 +.014 



Albany 1898 



1.7 
3.0 
3.9 



0.9 
2.1 
3.0 
4.0 
4.9 
6.0 



8 
13 
47 
107 
68 
13 



P 

6 

9 

29 

47 

26 

5 



J'om = - 



2.1 
3.0 
4.0 

4.8 



18 
42 
52 
24 

J'am = 



4 

8 

10 

4 



Jam 

+'006 
+ .006 
-.001 
+ .001 
+ .003 
+ .008 
.005 

-.005 
+ .001 
-.001 
+ .001 







0.9 


8 


1.9 


15 11 .000 


2.0 


14 


3.1 


27 16 +.002 


3.0 


51 


3.9 


41 18 -.002 


4.0 


126 


4.8 


5 1 -.022 


4.9 


73 






6.0 


14 




Madison 1890 


J 


'a« 






0.9 


8 


1.9 


14 8 +.012 


2.1 


10 


3.0 


25 13 +.006 


3.0 


37 


3.9 


39 21 -.006 


4.0 


80 


4.6 


3 2 +.006 


4.7 


18 






6.0 


2 




Berlin 1890 


^ 


I'o. 



+%002 

7 - .014 
-.003 
-.002 
+ .002 
.000 
+ .003 
.005 



21 
73 
128 
70 
12 



0.6 
2.1 
3.0 
4.0 
4.8 
6.1 



5 
10 
35 
83 
14 

3 



9 
11 
47 
96 
23 

2 
= +' 

4 

15 

51 

111 

21 

5 



+ .014 
-.005 
+ .003 
-.003 
-.008 
-.015 
.004 
-.008 
-.003 
-.003 
+ .003 
+ .005 
+ .012 



0.9 
2.1 
3.0 
4.0 
4.9 
6.0 

JOm = 
' 0.9 

2.0 
3.0 
4.0 
4.9 
6.2 

Jam = 

0.9 
2.0 
3.0 
4.0 
4.9 
6.0 

Jam = 

0.9 
2.1 
3.0 
4.0 
4.7 
6.0 

Jam = 
0.6 
2.1 
3.0 
4.0 
4.8 

I 6.1 



J 'am = —•.OOl Jam = 



0.9 
2.0 
3.0 
3.9 
4.8 
6.0 

0.9 
2.0 
3.0 
3.9 
5.0 
6.0 

1.6 
3.0 
4.0 
4.8 

6:o 



8 
13 
48 
96 
17 

3 
J'am 

7 
10 
41 
68 
16 

2 



16 

27 

100 

168 

36 

5 



-.004 
+ .002 
+ .002 
-.002 
-.001 
-.009 



= -.ooo 



8 
16 
56 
98 
24 

4 



J'am = -■ 



6 
21 
44 
32 

4 

J'am : 







0.9 


8 


9 


4 +.019 


2.1 


10 


6 


1 +.008 


3.0 


27 


2 


1 -.008 


3.9 


28 






4.9 


11 



6 
41 
44 
32 

4 
- I 

10 
11 
26 
24 



+ .010 
+ .004 
.000 
.000 
+ .006 
+ .016 

.003 
+ .003 
+ .002 
-.002 
-.005 
-.003 

.004 
+ .004 
+ .007 
+ .003 
-.003 
-.008 



0.9 
2.0 
3.0 
3.9 

4.8 
6.0 

Jom = 
0.9 

2.0 
3.0 
3.9 
5.0 
6.0 

Jam = 

1.6 
3.0 
4.0 
4.8 
6.0 
Jam = 
0.9 
2.1 
3.0 
3.9 
4.9 



-•.008 

Jam 

+!006 
+ .004 
.000 
.000 
+ .003 
+ .008 

-•.013 
+ .013 
+ .003 
+ .003 
-.003 
-.008 
-.017 

-•.006 
-.014 
-.002 
-.001 
+ .001 
.000 
+ .003 

— •.013 
+ .014 
+ .002 
+ .004 
-.004 
-.007 
-.015 

-•.003 
-.008 
-.006 
-.003 
+ .003 
+ .005 
+ .012 

— -.008 
-.004 
+ .003 
+ .001 
-.001 
.000 
-.009 

-'.008 
+ .010 
+ .002 
+ .001 
-.001 
+ .005 
+ .016 

—-.Oil 
+ .006 
+ .002 
-.002 
-.004 
-.003 

-•.012 
+ .004 
+ .010 
+ .003 
-.003 
-.008 
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Compftrison of Eye-and-Ear with Chronogrraphic 
Transits. 

The residuals, -^a^, of Table I, so far as they have any 
meaning, evidently depend upon the difference between the 
magnitude-equation of each individual catalogue and that 
of the Standard Catalogue. Therefore, for nearly con- 
temporaneous catalogues at least, we may eliminate the 
magnitude-equation of the Standard Catalogue in finding 
the difference of equations between two or more catalogues 
of observation. This was the first use of Table I that 
occurred to me. 

After 1850 there are still many series of right-ascension 
determinations which depend upon eye-and-ear transits, 
which may be compared with the nearly contemporaneous 
results from chronographic registry. Accordingly I divided 
the observations into two series : Series A, 1850-1870 ; 
Series B, 1875-1890. Washington 1860 and Pulkowa 1865 
contain a few observations by the eye-and-ear method, but 
not in sufficient number to impeach their character as 
representatives of the method of chronographic registry. 
The residuals of the equatorial zone (Zone 11) alone are 
used in this differential comparison, in order to avoid any 
possible suspicion that the final differences may be due to 
any other form of systematic error than that due to magni- 
tude-equation. 

Relative Magnitude Effect ; Eye-and-Ear Transits. 
Series A. 







0«.9 


2".0 


3«.0 


4".0 


5«.0 


6».0 


Stgo. 


50 


-I-.008 


-I-.002 


+.006 


—.006 


—.008 




Greenw 


.50 


—.003 


—.010 


—.003 


+.003 


+.009 


+.001 


Cape 


60 


-I-.016 


-I-.003 


+.003 


—.003 


.000 


- 


Radcl. 


00 


—.002 


-I-.002 


+.005 


—.005 


—.018 


—.013 


Paris 


60 


—.008 


-.010 


—.002 


+.002 


+.006 


+.013 


Brass. 


65 


—.004 


+.003 


—.001 


+.001 


+.012 


+.010 


Means 




-f.0012 


—.0017 


+.0013 


—.0013 


+.0002 


+.0028 








Sbbies B. 








Pulk. 


75 


—.005 


—.002 


.000 


.000 


—.002 


+.007 


Parte 


75 


—.010 


-.00^ 


.000 


.000 


+.006 


.000 


Cape 


80 


-f.oia 


4-.005 


.000 


.000 


—.008 


—.006 


Cape 


85 


H-.oio 


—.001 


.000 


.000 


+.002 


—.007 


RadcL 


90 


-h.006 


-fi)06 


—.001 


+.001 


+.oas 


+.008 



Means 



+.0028 +.0012 —.0002 +.0002 +.0002 +.0004 



Relative Magnitude Effect; Chronographic Transits. 
Series A. 



Wash. 60 
Greenw. 60 
Melb. 60 
Greenw. 64 
Cape 
Pulk. 
Melb. 



66 
65 
70 



0«.9 

!ooo 

—.001 
—.004 
+.001 
+.011 
+.004 
—.008 



Means 



Wash. 75 
Harv. 75 
Cord. 75 
Melb. 80 
Greenw. 80 
Pulk. 85 
Strassb. 85 
Madn. 90 
Berlin 90 
Lisb. 90 



6-.0 

+.009 
+.001 

.000 
—.016 

—^007 
+.0004 +.0034 +.0010 —.0010 —.0029 —.0026 



2«.0 

+'.003 
+.001 
+.002 
+.008 
+.010 
+.009 
—.004 



3".0 

+'002 
.000 

+.003 
.000 

+.004 
.000 

—.002 



4-.0 

— '002 
.000 

—.003 
.000 

—.004 
.000 

+.002 



5«.0 

+'.007 
+.005 
—.007 
—.003 
—.008 
—.008 
—.006 



+.003 
.000 
+.008 
—.008 
—.005 
—.002 
—.004 
+.014 
—.008 
—.004 



Series B. 
+.002 +.001 



—.002 
+.005 
+.001 
—.006 
+.001 
—.007 
—.005 
—.003 
+.002 



+.001 
+.001 
—.003 
—.001 
+.001 
—.002 
+.003 
—.003 
+.002 



—.001 
—.001 
—.001 
+.002 
+.001 
—.001 
+.002 
—.003 
+.003 
—.002 



.000 

.000 

—.002 

+.005 

.000 

.000 

+.002 

—.008 

+.005 

—.002 



+.001 
—.012 

+.007 
.000 

—.016 
—.015 
+.012 



Means 



_.0006 —.0012 .0000 —.0001 



.0000 —.0033 



Evidently we may compare the mean results from eye- 
and-ear observations with those from chronographic registry 
in the same series without fear that the variation of the 
magnitude-equation, or of other forms of systematic cor- 
rection, for the standard catalogue will be of any impor- 
tance whatever in the short interval between the mean 
epochs of the groups within each of the series. Thus, if we 
take the magnitude-equation of the eye-and-ear observations 
as standard we shall find that the chronographic observa- 
tions require the following corrections : 

Etb-and-Ear minus Chronographic Transits; 





Summary. 




Magn. 


Series A 


Series B. 


Mean 


0.9 


-.0008 


-.0034 


-.0021 


2.0 


+ .0051 


-.0024 


+ .0014 


3.0 


-.0003 


+ .0002 


.0000 


4.0 


+ .0003 


-.0003 


.0000 


5.0 


-.0031 


-.0002 


-.0016 


6.0 


-.0054 


-.0037 


-.0046 



From the last column we may conclude that if the chrono- 
graphic transits had been corrected by — O'.OOOS (if— 3.5) 
in the mean there would have been close agreement in the 
results from the two methods of observation. This differ- 
ence is exceedingly small ; and even at the ninth magnitude 
its effect would be less than 0'.005. We seem to be justi- 
fied in the opinion that, so far as it relates to stars brighter 
than the sixth magnitude, the mean difference between the 
magnitude-equations for eye-and-ear and for chronographic 
transits i& wholly insignificant. This conclusion appears 
to be based upon an amount of testimony which ought to 
be sufficient to establish it beyond question ; yet the history 
of the question indicates that there are many instances in 
which the magnitude-equation for eye-and-ear transits is a 
small, if not vanishing, quantity ; and there seems to me 
to be a greater proportion of such instances in the employ- 
ment of the eye-and-ear method than in that of chrono- 
graphic registry. Nevertheless, if the existence of this 
state of facts were to be admitted, it does not necessarily 
conflict with the conclusion that the mean magnitude- 
equation for chronographic transits is only slightly larger 
than for those wherein the eye-and-ear method is employed. 

This conclusion seems to justify two inferences of im- 
portance. 

1. The magnitude-equation is essentially a subjective 
phenomenon; and its true explanation belongs to the field 
of experimental psychology. 

2. When many star-catalogues are employed the deter- 
mination of the proper motions of the brighter stars is 
pratically independent of the magnitude-equation ; since 
there is no appreciable difference between the average 
equations pertaining to the two methods, and tlierefore the 
mean magnitude-equation of the observations previous to 
1850, when all transits were obtained by the eye-and-ear 
method, must be nearly the same as for those subsequent 
to that date. 
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On the Law of Magnitade-£qaation. 

Although the effective range of the star-magnitudes in- 
volved is not very great (since the weights outside of the 
limits 2".0 and 5".0 are comparatively small) it seemed 
that it might be possible to secure some evidence as to the 
general law of variation of magnitude-equation for dimin- 
ishing magnitudes. There seems to be no reason why the 
progression should be strictly proportional to the magni- 
tude ; and there does seem to be a very natural reason why 
the rate of change in the equation should increase with 
diminishing steps of brightness, if it is associated in any 
very close way with the relative difficulty of seeing. Ac- 
cordingly the means were collected in nearly contemporan- 
eous groups for those catalogues which seemed to have 
equations smaller than that of the standard, for comparison 
with those which appeared to have equations decidedly 
larger than that of the standard. If the individual equa- 
tions are linear, according to star-magnitude, then the 
differences of the two groups of catalogues should be like- 
wise linear ; and if, in the individual equations there are 
very sensible terms depending on the second or higher 
powers of JM, then such terms should appear in the mean 
difference between large and small equations. The ma- 
terial is selected from Zone II only. 

For Small minus Large Equations. 
Small Equations. 



Paris 
Pulk. 
Paris 
Melb. 
Berlin 



60 
76 
75 

80 
90 



0-.9 

—.008 
—.005 
—.010 
—.008 
—.008 



2".0 

—.010 
—.002 
—.002 
+.001 
—.003 



3«.0 

—.002 

.000 

.000 

—.003 

—.003 



4".0 

-|-.()02 

.000 

.000 

-I-.002 

+.003 



5-.0 6".0 



+.006 
—.002 
+.006 
+.005 
+.005 



+.013 
+ 007 
.000 
+.007 
+.012 



Means 




—.0078 


—.0032 


—.0016 


+.0014 


+.0040 


+.0078 








Labob Equations. 






Cape 


66 


+.011 


+.010 


+.004 


-.004 


—.008 . 


—.016 


Pulk. 


65 


+.004 


+.009 


.000 


.000 


-.008 


- 


Cord. 


75 


+.008 


+.005 


+.001 


—.001 


-.002 


- 


Cape 


80 


+.013 


+.005 


.000 


.000 


—.008 


—.006 


Cape 


00 


+.018 


+.007 


+.003 


—.003 


—.009 


—.017 


Madn. 


90 


+.014 


—.005 


+.003 


—.003 


—.008 


—.015 


Alb. 


98 


+.004 


+.007 


+.003 


—.003 


-.008 


- 



Means 



+.0096 +.0054 +.0020 —.0020 —.0073 —.0185 



If the line of means for the " Small Equations " be sub- 
tracted from the line of means for " Large Equations " we 
shall have the observed values of J'a^ necessary to reduce 
the catalogues of the latter category to harmony with those 
of the former. 



[ALL MINUS 


Large Equations; Values of J'a 


Magn. 

a 


P 


Obs'd 




Computed 
I II 

8 S 


0.9 


2 


+ .0174 


+ .0187 


+ .0167 


2.0 


2 


+.0086 


+.0108 


+ .0102 


3.0 


3 


+.0036 


+ .0036 


+.0036 


4.0 


3 


-.0034 


-.0036 


-.0037 


5.0 


3 


-.0113 


-.0108 


-.0117 


6.0 


1 


-.0213 


-.0180 


-.0204 



If the residual at magnitude, 2.0, for Madison 90 be 
rejected, the second of the observed values of ^'a^ becomes 
+0-.0104 instead of +0V0086. 

The weights are estimated for use in the solutions. It 
is evident at once from an inspection of the observed resid- 
uals, J'«^, that these numbers are very nearly proportional 
to the difference of magnitudes. They testify very strongly 
both for the reality of the phenomenon of magnitude- 
equation, and for the stability of its effects upon the work 
of the observers. The numbers in column I are computed 
from the formula, 

-0V0072 (Jf-3.5); 

and those in column II from the formula, 

-0'.0073 (M-3.5) -0-.00034 {M-S.By 

Were it not for the very high precision of the observed 
quantities and their freedom from the imputation of syste- 
matic error there would be very slight ground for prefer- 
ring one of these formulas over the other. However this 
may be, we seem to be justified in the conclusion that, for 
the brighter stars, the magnitude-equation is very nearly 
proportional to star-magnitude, — so nearly so that a rigid 
investigation of the adopted magnitude-scale itself would 
be necessary before a more definite conclusion can be main- 
tained. 

When the equation is extended to fainter stars we pos- 
sess some further evidence on this point. Some of the best 
determinations of magnitude-equation with screens indicate 
very slight, or no, increase in the rate of the effect 
with diminishing brightness. In other instances, however, 
notably in the case of A.G. Cambridge (Eng.) (M.N.Yol. LX, 
Turner), and A.G. Leipsic (A.N. 3854) the rate of magni- 
tude-equation appears to increase rapidly with diminishing 
brightness of the star, so that even a higher power of JM 
than the second is needed to indicate the change of rate. 

On the whole we may conclude that for stars brighter 
than the seventh magnitude the rate of the equation in its 
relation to magnitude is usually very nearly linear, with a 
tendency in some cases to increase with diminishing bright- 
ness of the star. 

The evident trustworthiness and precision of the means 
upon which the foregoing conclusions were based induced 
me next to examine the question as to the absolute magni- 
tude-equation of the Standard Catalogue. Contrary to the 
impressions I had formed from following the published 
papers on magnitude-equation during more than twenty 
years, — impressions which had nearly deterred me from 
making this investigation at all, — I found the individual 
determinations of magnitude-equation consistent in a degree 
fully as high as could have been anticipated from a hope- 
ful estimate of their value. That such determinations have 
hitherto been regarded by many as untrustworthy, if not 
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entirely illusory, is abundantly evident from positive com- 
ments to that effect, from inconsistent conclusions reached 
in varions investigations, from the various devices in- 
vented to get rid of the magnitude-equation, from the 
fact that many observers of skill and experience make 
no attempt to determine this equation for their own 
observations, and from the further fact that no one, as 
yet, has ventured to publish a series of right-ascensions 
actually corrected for magnitude-equation, although an 
intention to do this in the future has been expressed 
by more than one observer. 

Every catalogue of observation for which the magnitude- 
equation is known by observation with screens, or other- 
wise, furnishes a means of determining the absolute 
magnitude-equation of the Standard Catalogue. Let us 
consider these in turn. 

Pulkowa 1875. Romberg did not determine his magni- 
tude-equation ; but as his observations are nearly con- 
temporary with those of the Albany and Berlin (Becker) 
A.G. zone-observations for whieh absolute magnitude-equa- 
tions were determined, it is possible to utilize the comparison 
with these zone-observations to determine the absolute 
equation of Romberg's right-ascensions. In order to utilize 
these comparisons to good advantage it is desirable to know 
the relations, Berl.— Pulk. and Alb.— Pulk., at the magnitude 
4.0. Theoretically, since all of these observations are based 
upon the same standard catalogue, the Fundamental- Catalog 
of Dr. AuwERs, these differences should be zero. Practi- 
cally, they may differ sensibly from this value ; and the 
determination of this quantity is the weakest point in the 
comparison. After most careful attention to all the evi- 
dence, direct and indirect, I have adopted the following : 

At 4»«.0 : Berlin - Pulkowa = o'.OOO 
Albany -Pulkowa = -h 0.003 
Combining with these results the comparison, Berlin— Pulk., 
contained in the Berlin A.G. Catalogue [Int., p. (10)], and 
of Albany-Pulk. (^. J"., XVIII, p. 118) I find the absolute 
equation of Pulk. 75 to be: 

through Berlin, -o!o052 
through Albany, -0.0037 

Pulk. 75, adopted, —0.0045, per magnitude. 

Cape 1885. The magnitude-equation of this catalogue 
is given by Sir David Gill as {Int., p. XLI), 

-OVOII 
and this is recommended for adoption. Since the observa- 
tions were made by the eye-and-ear method this determi- 
nation of magnitude-equation is probably entitled to much 
smaller weight than would be assignable to one depending 
on chronographic registry, because of the great difficulty 
in securing a number of observations sufficiently great to 
overcome the casual errors of determination. 



Berlin 1890. For Kustner's magnitude-equation we 
have his statement {A.N. 142, p. 118) in connection with 
the remark of Dr. Auwers \_A. G. Berlin (Auwers), p. (133)], 
and also the explanation of Kustner in the Publications of 
the Bonn Observatory {Heft 4, pp. 41 and 42), from which 
I assume as the equation of Berlin 90, 

-0-.0040 

This depends upon the differential places in a heliometric 
triangulation. 

Cape 90. The details of the determination of magnitude- 
equation for Cape 90 are given in the introduction to the 
Catalogue (pp. XL and XLII), and 

-0*.0139 

is there adopted and recommended for application to the 
right- ascensions of tlie catalogue. 

Berlin 1895. Battermann determined his magnitude- 
equation in several series. Following is a summary of his 
determinations taken from the introduction to his cata- 
logue. 

1894, usual method, -o!oiOO (3/-4) -o!o008(Jf-4)2 

1897, usual method, - 0.01 03 - 0.0005 

By alternate transits, -0.0110 -0.00146 

Reduced aperture, - 0.0070 {M- 4) 

The latter value he seems to consider the most trust- 
worthy, but doubts whether it is applicable to transits with 
full aperture. In view of all the evidence I adopt as Bat- 
termann's equation for bright stars, 

-0«.009 

Mt. Hamilton 1895. In the introduction of his cata- 
logue for 1895 (Pub. Lick Obs., Vol. IV, p. 22) Professor 
Tucker states that his equation from screen-observations 
is 

-0'.009 

but he appears to entertain grave doubts as to the reality 
of the effect. The result is based upon 75 single determi- 
nations, and I see no reason why it should not be entitled 
to confidence. 

Albany 1898. The determination of the magnitude- 
equation for this series of observations rests upon a large 
number of observations, and has been adopted in the com- 
putations for the Albany Catalogue now in progress. This 
equation is {A.J. XXII, p. 99), 

-0V0132 (Ji-4) -0'.00019 (J[f-4)« 

Bonn 1900. Kustner has given special attention to the 
determination of his magnitude-equation, and in a paper of 
great interest {A.N. 3778) determines the magnitude-equa- 
tion of the Fundamental' Catalog of Dr. Auwers to be 

-0'.005 
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Much evidence bearing on this point is contained in the 
several introductions of the recent publications of the Bonn 
Observatory (Nos. 4, 5 and 6). From these sources we get 
the following determinations of Kustner's magnitude- 
equation, together with the corresponding equation of F.C. 



Zone 



Kiistner 



F.C. 



to 


+ 18 


+0.0070 


-0.0043 


+ 18 to 


+36 


-0.0041 


-0.0053 


+ 36 to 


+51 


-0.0036 


-0.0034 



One is struck with the exceptional equation of the observer 
for zone 0° to +18°. His previous equation at Berlin had 
been —0".004, as already stated, and to this value he re- 
turned again in the second zone observed at Bonn. But 
the consistency of the equation for F. C. in the first zone 
with the other values found in later zones seems to estab- 
lish the reality of the abnormal change. Since the revised 
Fundamental' Cat alor; depends essentially on the same 
modern authorities upon which my Standard Catalogue is 
based I shall assume that the equation which Kustner 
found for the former is equally applicable to the latter. 

We are now ready to combine the various determinations 
of absolute magnitude-equation to ascertain the absolute 
equation of the Standard Catalogue. The process is very 
simple, and needs merely to be indicated. For instance, 
we find the magnitude-equation of Pulkowa 75 to be 
— 0'.0045 (J)/— 3.5). If we apply this to the right-ascensions 
of Romberg's Catalogue, and then compare the corrected 
right-ascensions with those of the Standard Catalogue, we 
shall arrive at the same result that we shall have if we alter 
the numbers in the last column of the sub-table for Pulk. 75 
in Table I by the addition of +0'.0045(Jf-3.5). Then re- 
versing the signs of these quantities, so corrected, to make 
them applicable as corrections to the Standard Catalogue, 
we shall have the observed corrections given by Pulk. 75 to 
the Standard Catalogue for the magnitude-effect. Proceed- 
ing in this manner we have the following observed values 
of the magnitude-effect as determined through the respec- 
tive catalogues of observations. 

Obsebved Values of Ja^ fob Detebmination of the 
Absolute Magnitude-Equation of the Standabd 
Catalogue. 

Magnitude O^.Q 



through 

Pulk. 75 
Cape 85 
Berl. 90 
Cape 90 
Berl. 95 
Mt.H.95 
Alb. 98 
Bonn 97 



-f.017 
-h.019 
-h.020 
-h.023 
-h.013 

-h.028 
-I-.013 



2»'.0 

H-!oi5 
-I-.018 
+ .012 
-I-.018 
-f.012 
-h.OU 
-h.008 
-f.007 



3>«.0 

-h!003 
-h.006 
-h.005 
-h.004 
-I-.004 
-h.002 
-h.004 
-h.002 



4»«.0 

-!003 
-.006 
-.005 
-.004 
-.003 
-.002 
-.002 
-.002 



4»«.9 

-!009 
-.018 
-.010 
-.011 
-.019 
-.017 
-.011 
-.007 



e^.o wt. 



-.018 
-.019 
-.022 
-.021 
-.038 
-.020 

-.012 



Collecting the means by weight of the vertical columns 



(assigning weight, 2, to the residual at 0»*.9 for -Berlin 90 
which depends on only five stars) we have in the third 
column of the following table the mean observed magnitude- 
equation of the Standard Catalogue. 

SUMMABY OF ObSEBVED MaGNITUDE-EqUATION FOB THE 

Standabd Catalogue. 



Magn. 


P 


Jo. (O) 


Jo» (C) 


C-0 


0.9 


1 


+0.0185 


+0.0199 


+0.0014 


2.0 


3 


+0.0122 


+0.0115 


-0.0007 


3.0 


6 


+0.0036 


+ 0.0038 


+0.0002 


4.0 


6 


-0.0033 


-0.0038 


-0.0005 


4.9 


3 


-0.0109 


-0.0107 


+0.0002 


6.0 


0.5 


-0.0193 


-0.0192 


+0.0001 



Employing the relative weights in the second column I 
find the magnitude-equation of the Standard Catalogue to 
be 

— 0».0077 (JIf— 3.5) 

and this is adopted. The fourth column is derived from 
this equation, and the last column exhibits the discrepancies, 
C — 0. It will be seen that a large weight has been attrib- 
uted to the determinations of Kustneb both at Berlin and 
Bonn. The Berlin determination rests upon the observa- 
tion of 37 stars, the relative places of which were deter- 
mined by the heliometric triangulation of Gill. Of these, 
31 stars are between the magnitude 7*'.4 and 8".5, and only 
6 stars are brighter than 7**.0, of which the brightest is 
5**. 7. Yet, on account of the diCTerence of method, together 
with the high precision and homogeneity of Kustneb's 
Berlin observations, it seemed to me that the assigned 
weight was not relatively too great. It so happens that 
the result of this determination is very near the mean of 
all. As to the Bonn determination, it represents the most 
elaborate series of determinations of magnitude-equations 
which has been attempted, and were it not for the anom- 
alous result in the first zone (Heft. 4) there could be no 
question as to the weight to which it is entitled. 

On the whole there seems to be little likelihood that the 
magnitude-equation of my Standard Catalogue is less than 
— 0».007, or more than — 0^.009. The probable error of the 
coefficient. — 0«.0077, I estimate to be about ±0».0O05; 
though its nominal, or computed, probable error is only 
±0'.00014, which, in the present instance, has no real 
meaning. 

Provided with the coefficient of magnitude-equation for 
the Standard Catalogue, determined with a precision ap- 
parently very great, the suggestion follows of itself that 
we should attempt to determine the absolute magnitude- 
equations of the individual catalogues of observation. In 
the last column of each sub-table in Table I, under the cap- 
tion, /Ja^, are the observed corrections necessary to reduce 
the individual catalogues into systematic conformity with 
the Standard Catalogue in so far as star-magnitude is the 
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argument for systematic correction. By means of con- 
ditional equations the systematic difference of magnitude- 
equation, J'a^f between each catalogue and the Standard 
Catalogue has been determined, and the result is shown in 
full-faced type over the middle of each sub-table. These 
are the equations which, applied to the right-ascensions of 
the several catalogues of observation, are supposed to bring 
them into systematic harmony with .those of the Standard 
Catalogue. Adding to these the adopted magnitude-equa- 
tion of the Standard Catalogue, — Ov0077, we derive the 
absolute magnitude-equation, z/a^, for each catalogue, as 
shown by the second of the quantities in full-faced type 
over each of the sub-tables contained in Table I. 

For many of the older catalogues the determination of 
J'a^ is very uncertain, both because of the small range of 
magnitude involved and also because of the small weight 
of the observed residuals. At most, the values of Ja^ for 
these are but rude approximations to the true result. For 
some of the later catalogues the results are entitled to a 
fair degree of confidetice, as appears from the following 
schedule of those for which it is possible to compare with 
the magnitude-equations determined by the respective 
observers. 



Comparison op 


Observed 


AND Computed Equatk 




Comp. 


Obs. 


C-0 


Pulk. 75 


-0.0050 


-0.0045 


-0.0005 


Cape 85 


-0.0078 


-0.0110 


-h 0.0032 


Cape 90 


-0.0125 


-0.0139 


+0.0014 


Berlin 90 


-0.0033 


-0.0040 


+ 0.0007 


Berlin 95 


-0.0076 


-0.0090 


+ 0.0014 


Mt.H. 95 


-0.0106 


-0.0090 


-0.0016 


Alb. 98 


-0.0115 


-0.0130 


+0.0015 


Bonn 99 


. . . 




-0.0027 



The C — O for Bonn 1899 is inferred through comparison 
of its determination of the absolute equation of the standard, 
— 0V005, with the adopted value, — 0v0077. The mean 
difference between the observed and computed values with- 
out regard to weight is 0*.0016, and, assuming that the 
error is equally due to the observed and computed values, 
it follows that the average error of the computed equation 
is ±0».0011. 

Madras 35 (Downing's reduction) and Madras 75, though 
each is of very low weight, and subject to many anomalous 
errors, have been investigated for magnitude-equation. 
The observations extend into three zones. We have, 

Madras 35. 

Means 

-!ooi 

+ .001 
-.001 
+ .001 
-.028 
-.040 



Magn. Zone I 


Zone II 


Zone III 


0.9 


8-1 ~!ooi 


s 


2.0 14-1 -.003 


14-2 +.004 


16-1 -.001 


3.0 27-1 -.005 


51-5 -.001 


39-1 +.001 


4.0 41-1 +.005 


123-9 +.001 


50-1 -.001 


4.9 


71-5 -.031 


30-1 -.021 


6.0 


13_1 __.040 





From the final means I find for the absolute magnitude- 
equation, — 0V016 ; but if a term depeuding on the secDud 
power of /dM be introduced the equation becomes : 

-0-.016(il/-3.5) -0\0044 ^M-3,5y 

The extension of the present work to stars of fainter 
magnitude will afford a test of the interesting question 
whether the apparently rapid increase of the equation for 
fainter stars is merely due to the systematic instability of 
the catalogue, or to a real deviation of the form indicated. 
To some extent this same peculiarity appears in Madras 75 ; 
and this raises the question whether this phenomenon may 
be attributed to a racial peculiarity. The table for Ma- 
dras 75 follows. 



Madras 75. 








Magn.- Zone I 


Zone II 


Zone III 


Means 


0.9 


8- 3 -!006 


• 


-!006 


2.0 15-1 +.004 


14- 4 +.006 


18-1 -.018 


+ .001 


3.0 27-1 -.019 


51-15 -.004 


42-2 -.006 


-.005 


4.0 39-1 +.019 


123-22 +.004 


48-1 +.006 


+ .005 


4.9 


71-11 -.012 


27-1 -.035 


-.014 


5.9 


11- 2 -.020 




-:020 



The absolute magnitude-equation may be taken as — 0".010 ; 
but if a term depending on (JM)^ be introduced it becomes, 

-0-.010(J/-3.5) -0-.0024(3/-3.5)2 

The assumption that the magnitude-equation of the 
Standard Catalogue does not sensibly vary from one epoch 
to another rests wholly on the soundness of the conclusion 
that, in the mean, the equation for eye-and-ear transits is 
the same as for chronographic registry. As a further 
check upon this deduction it may be of interest to institute 
a comparison between the absolute equations as determined 
in Table I, for the period 1850 to 1890. 



Stgo. 

Gch. 

Cape 

Radcl. 

Paris 

Bruss. 

Pulk. 

Paris 

Cape 

Cape 

Radcl. 



Magnitude-Equations Compared. 

Chronographic 
Jam 

Washn. 60 
Gch. 60 
Melb. 
Gch. 



Eye-and-Ear 
Jom 

50 -!012 

50 

60 

60 

60 

65 

75 

75 

80 

85 

90 



-.005 
-.011 
-.013 
-.003 
-.004 
-.005 
-.005 
-.011 
-.008 
-.008 



P 

1 
2 
2 
1 
4 
1 
1 
3 
2 
3 
1 



Cape 
Harv. 
Melb. 
Gch. 



60 
64 
65 
65 
80 
72 



Washn. 75 
Harv. 75 



Cord. 
Melb. 
Gch. 
Pulk. 



75 

80 
80 
85 



Strass. 85 

Gch. 90 

Madn. 90 

Berlin 90 

Lisbon 90 



-.006 
-.007 
-.009 
-.009 
-.014 
-.013 
-.007 
-.009 
-.008 
-.007 
-.010 
-.005 
-.007 
-.008 
-.006 
-.006 
-.013 
-.003 
-.008 



P 
2 
2 
1 
2 
1 
1 
2 
2 
5 
1 
2 
1 
4 
2 
2 
4 
1 
1 
1 
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The relative weights are based partly upon the trust- 
worthiness of the comparisons, and partly upon the num- 
ber of observers who took part in the various series. The 
means by weights are presented in the last column of the 
subjoined statement, and the arithmetical means are in the 
preceding column. 





Series 


Arith. Means 


Weighted Means 


Eye-and-ear 


11 


-0.0077 


-0.0070 


Chronographic 


19 


-0.0082 


-0.0078 



The result of the direct comparison is confirmed. 

Another question arises as to the application of the equa- 
tions to observations at a great distance from the equator. 
The testimony from Zones I and III in Table I is entirely 
insufficient to afford an answer to this question. But since 
the amount of the equation seems to be practically independ- 
ent of the magnifying power employed we may infer that the 
equations apply in full force to 60° of declination at least. 
It would be very difficult to test this question for higher 
declinations by actual observation without an expenditure 
of labor which might be regarded as disproportioned to the 
end to be attained. Very little harm can result from the 
assumption that the equation applies to all declinations ; 
since for the higher declinations its actual effect upon the 
right-ascension is in proportion to cos 8. 

It is evident that all our conclusions from this discussion 
are strictly applicable to observations of the brighter stars 
only. There is no reasonable doubt, however, that in most 
instances the inferences may be extended to thf observa- 
tions of stars somewhat fainter than the sixth magnitude, — 
perhaps to the magnitudes 7".0 or 8".0. As a rule the 
determination of magnitude-equation by the employment 
of screens indicates a linear relation of the magnitude- 
effect down to stars as faint as the eighth, or ninth, magni- 
tude, so that most observers appear to doubt whether any 
term involving {dMy has any real existence. On the 
other hand there are doubtless exceptions to this rule, as 
in the cases of the Cambridge and Leipsic A.G. zones 
already cited. Modifying the result of Professor Turner's 
paper on the right-ascensions of the Cambridge A.G. zone 
(M,N., LX), taking into account the comparison by which 
he demonstrates the equality of magnitude-equations for 
Greenwich 80 and Cambridge relative to the brighter stars, 
and accepting the result of the present discussion which 
assigns — 0*.007 as the magnitude-equation of Greenwich 80, 
we may tabulate the magnitude-effect of Cambridge A.G. 
approximately as in the following table. 

It is very probable that other equally striking examples 
of the non-linear effect of the magnitude-equation will be 
discovered hereafter, so that, whatever the general rule 
may be, its application cannot be considered as inflexible. 



Correction of Cambridge A.G. for 
Magnitude-Equation. 



1.0 


+0.021 


6.0 


-0.020 


2.0 


+ 0.014 


7.0 


-0.040 


3.0 


+0.007 


8.0 


-0.071 


4.0 


0.000 


9.0 


-0.116 


5.0 


-p.oor 


10.0 


-0.182 



Allusion should be made to one source of uncertainty 
which has not been mentioned in the foregoing discussion. 
This relates to the fact that many of the transits upon 
which the comparisons depend were observed in daylight. 
These, of course, form but a small part of the entire 
material, and their influence is limited to the fourth mag- 
nitude. It may reasonably be doubted whether these fol- 
low the same law as the transits obtained at night. To 
have separated the two classes of observations would have 
been impracticable in many cases, and a task of forbidding 
proportions in others. We may suppose, however, that 
much the same differential effects obtain in the daylight 
transits as in those of the night, and, therefore, that the 
commingling of results may not have produced, on the 
whole, serious anomalies. 

In this same connection it should be observed that the 
determination of equinox-correction is involved in this 
difference between daylight and night observations ; though 
it is extremely probable that the errors to be feared from 
this source are not important in comparison with constant 
errors in observed transits of the sun. 

The Catalogue of 627 Standard Stars may readily be 
freed from the effect of magnitude-equation by the appli- 
cation to the right-ascensions of the correction, --0».0077 
(M—3.5). This will not disturb the position of the adopted 
equinox to any sensible degree; and in the case of an 
observer who has thoroughly determined his magnitude- 
equation, the adoption of this course will doubtless lead to 
a sensible improvement in the accordance of results for the 
correction of the clock. This course has been adopted in 
the reduction of the transits for the Albany catalogue. 

The determination of absolute magnitude-equation should 
be regarded as an indispensable requisite in all observations 
aiming at precision. There is every reason to believe that 
this can be accom plished successfully by the use of wire-gauze 
screens to produce artificial diminution of magnitude, pro- 
vided the amount of absorption is at least 2 ".5. The gain 
in the value of the results more than compensates the com- 
paratively small amount of extra observing and computing 
involved, even when the determination is, as it should be, 
much more complete than has usually been the case. 
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OBSERVATIONS OF COMET cl 1903 {giacobini), 

MADE WITH THE 26-INCH EQUATOKIAL AT THE U. 9. NAVAI. OBSERVATORY, 

By C. W. FREDERICK. 
[Communicated by Captain C. M. Chester, U.S.N., Superintendent.] 



1903 Wash. M.T. 


* 


Comp. 


Ja 


Al 


App. a 


App. 8 


log 2>A 


Red. to App. PI. 


Jan. 21 6''39'"3l' 


1 


9, 4 


+ 0°'58*85 


+ 1 24*0 


h in 8 

23 6.61 


-f- 2° 47 46.0 


9.574 


0.724 


- 0^.29 +2^7 


22 6 33 43 


2 


9, 4 


-1 53.79 


-0 49.6 


23 1 10.86 


■f 3 2 7.8 


9.570 


0.722 


-0.28 +2.6 


23 6 51 4 


3 


20, 8 


+3 21.25 


-0 59.6 


23 2 17.39 


-h 3 16 55.0 


9.595 


0.723 


-0.30 +2.7 


30 6 46 22 


4 


rfl0,10 


+0 31.59 


+9 4.7 


23 10 41.63 


+ 57 13.6 


9.611 


0.716 


-0.27 +2.2 


Feb. 5 6 46 29 


5 


40, 8 


+ 1 15.73 


-4 17.7 


23 18 53.17 


■f 6 53 3.2 


9.627 


0.711 


-0.29 +1.8 


6 6 40 54 


6 


<f 8,10 


-0 11.94 


-3 18.8 


23 20 21.02 


-h 7 11 40.9 


9.624 


0.708 


-0.26 +1.8 


9 7 8 26 


7 


30, 8 


+ 1 46.03 


+4 0.4 


23 24 55.10 


+ 89 52.9 


9.649 


0.715 


-0.25 +1.7 


12 7 14 


8 


30, 6 


+3 16.97 


-3 13.3 


23 29 42.19 


+ 9 10 23.0 


9.650 


0.711 


-0.23 +1.6 


17 7 17 23 


9 


rflO , 10 


-0 13.45 


-6 25.0 


23 38 17.60 


+10 57 26.9 


9.663 


0.716 


-0.23 +1.1 


19 7 15 19 


10 


15. 3 


+ 7 57.27 


+ 2 22.0 


23 41 55.34 


+ 11 41 49.5 


9.665 


0.716 


-0.24 +1.1 


; 20 6 42 55 


11 


rflO , 10 


-0 13.45 


-1 44.3 


23 43 44.40 


+ 12 3 52.9 


9.654 


0.698 


-0.20 +0.9 


22 6 50 58 


12 


rflO , IQ 


-0 25.19 


-7 0.2 


23 47 33.20 


+ 12 49 23.7 


9.661 


0.702 


-0.19 +0.8 


23 7 3 13 


13 


19, 4 


+3 4.13 


-1 15.8 


23 49 30.53 


+ 13 12 21.5 


9.667 


0.709 


-0.19 +0.8 


25 7 10 53 


14 


rflO,10 


+ 26.81 


-2 17.2 


23 53 28.22 


+ 13 57 59.9 


9.671 


0.713 


-0.18 +0.6 



Mean Places of Comparison- Stars for the beginning of the year. 

I 8 L _ Authority | * | a I ^ ^ I 
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THE TRUE RADII OF CONVERGENCE OF THE EXPRESSIONS 
RATIOS OF THE TRIANGLES WHEN DEVELOPED AS 
POWER-SERIES IN THE TIME-INTERVALS, 

By F. R. MOULTON. 



FOR THE 



1. Introduction. The computation of the elements of 
an unknown orbit from three complete observations consists 
of two distinct parts : (a) the determination of the helio- 
centric coordinates of the body in question at the epochs 
of the observations ; and (b) the determination of the ele- 
ments from the time-intervals and the data given by (a). 
Of these two parts, (b) has given most of the theoretical 
and practical difficulties. In the Astronomical Journal, 
No. 510, the author has given a solution* of (b) which from 
both a practical and a theoretical stand-point leaves little 
to be desired.t There is one limitation to the application 
<Kf the method, however, arising from the fact that it 
depends upon the use of infinite series which converge only 
for sufficiently small values of the heliocentric angular 
motions. But their true radii of convergence were exactly 
determined, and it was remarked} that this is not an ob- 
jection of importance since the same sort of limitation 
occurs in (a). 

In this paper it is proposed to find the true radii of con- 
vergence for the series employed in (a) in all the cases 
which can arise. § It will be shown that the series de- 
veloped in (b) always may be used when the time-intervals 
are such that those occurring in (a) are of practical value. 

Tables will be inserted to make the theoretical conclu* 
sions arrived at of immediate value to the computer with- 

*A General Method of Determining the Elements cf Orbits qf All 
Eccentricities from Three Observations. 

t This occasion is taken to make note of the following errors : 

On p. 48, cohimn », line 5, read ** geocentric" instead of "helio- 
centric.'* 

On p. 46, column 2, at bottom, read ** r« " instead of ** r,.'* 

On p. 47, column 2, line 12, read 



'cos- 



•m 



instead of ** cos 



m 



t loe. cit, p. 44, column 1. 

§I>r. W. A. Hamilton has given the complete solution of the 
problem in the case of parabolic orbits in a m«moir in A, J,, No. 688. 



out labor on his part. Finally, it will be shown to what 
extent the question of convergence enters in some of the 
other principal methods of determining orbits. 

2. Expressions for the Ratios op the Triangles. 
Let the epochs of the three observations be t^, t^, and t^, 
and let the corresponding heliocentric distances of the body 
be rj, rj, and r,. The triangles in question are the projec- 
tions on the planes of reference of those contained between 
the rj, taken two at a time, and the chord joining their 
extremities. There are three of these triangles arising 
from the three combinations of r^, r,, and r,. The ratios 
of the projections of the triangles are equal to the ratios of 
the triangles themselves, the case where the plane of the 
orbit coincides with one of the fundamental planes being 
excluded. Therefore the problem may be considered in the 
plane of the orbit without any loss of generality. 

Take the plane of motion as the xy-plane, and suppose 
the positive end of the x-axis is directed toward the peri- 
helion point. Let the rectangular heliocentric coordinates 
at the epoch tj be Xj, y^, j = 1, 2, 3. Then the expres- 
sion for the ratio of the triangles may be written in the 
form 






(1) 



where i ±j, k ± I, and i, j, k, I ^ 1, 2, or 3. 

It follows from well-known theorems respecting the 
multiplication and addition of power-series that, if Xj, j/j, 
etc., are developable into power-series with a common realm 
of convergence, then the numerator and denominator of (1) 
are separately developable into power-series which con- 
verge in this common realm. Therefore the first problem 
is to find the conditions under which x and y may be ex- 
pressed as convergent power-series in t—t^. Since the 
motion is by hypothesis undisturbed these variables are 
defined by the differential equations 

(93) 
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(2) 



^^^ U /1 J. \ * 



Suppose X = ar^j , y = y^^ at ^ = ^Q . If the right mem- 
bers of (2) are regular for x -^x^^y == y^^ it follows that 
X and y are expansible as power-series in t—t^ whioh con- 
verge so long as the modulus of this argument is sufficiently 
small.* Consequently, the time-intervals may always be 
taken small enough in the actual case so that the processes 
are valid, but the methods of both Cauchy and Harzek 
prove only the existence of the limit without giving its 
true value with any approximation. For example, when 
the eccentricity of the orbit equals zero, 
( X = a cos nt 



y = a sin nt 

where a is the major semi-axis and n is the angular velocity. 
In this case x and y are expansible as permanently con- 
verging power-series in t—t^ for any initial t^, while the 
methods of Cauchy and Harzer give only a small value 
of 1^— ^ol- ^^ *^® ^^^® ^^ parabolic orbits Harzer's ex- 
istence formulaf gives results which are 90% in error, the 
true limit being found by Hamilton's formula.t 

Before the expression (1) is used in practice the quotient 
of the two power-series into which they are expanded is 
taken, and hence the radius of convergence is limited still 
further by the poles which are defined by the vanishing of 
the denominator. Therefore two problems are to be solved. 
(A) To find the conditions under which the rectangular co- 
ordinates may be expanded as convergent power-series in 
the time, and (B) to find the conditions under which the 
denominator of (1) may vanish. 

3. The Singular Points of the Rectangular Co- 
ordinates Considered as Functions of the Time. Let 
the following notation be adopted : 

a = major semi-axis, 

e = the eccentricity, 

p = the parameter, 

n = the mean motion, 

T = the time of perihelion passage, 

M = the mean anomaly, 

V = the true anomaly, 

E = the eccentric anomaly in elliptic motion, 

F = the corresponding auxiliary in hyperbolic mo- 
tion. 

* This theorem, which has been the basis for a very large part of the 
rigorous developments of the theory of di£ferential equations, was 
given by Cauchy in Comptes Rendua, July 4, 1842^ {Coll. Works, 
1st Series, Vol, VII, p. 5, et seq.). Harzbb, in the Publications 
cf the Kiel Observatory, Vol. XI, p. S4, et seq., has arrived at the 
same results in the special case under present discussion by succes- 
sive simplifications of the actual series. 

fioc. ciU, p. 30. 

X Astronomical Journal, No. 533, Eq. (18). 



It is necessary to treat elliptic, parabolic, and hyperbolic 
motion separately, and they will be discussed in this order. 

(a) Case of Elliptic Motion. In elliptic motion the fol- 
lowing equations are true :* 



p = a (1-^2) 



(4) 



m = mass of body = with sufficient approximation 
Jf = nit—T) = E-e sin^ 
X = r cos V = aco^E—ae 
y == r sin v = ayj\—^ sin A' 

Suppose the value of E at t^ is E^ , and write E = J^^'^E^ 
Then the last two equations of (4) give 

a; = a cos {E^-\-E^ — ae 
y s a^JiH^ sin (A;+^i) 

from which it follows that x and y may be expanded into 
permanently converging power-series in E^^ where E^ is 
real or complex, for every finite value of E^. These series 
may be written 



(5> 



1 = 



(6) 



where the radius of convergence is infinite. 

It follows from the fourth equation of (4) that E is finite 
for every finite value of M. Consequently x and y may be 
expanded into converging power-series in E^, where E^ is 
defined by the third equation of (4), for all finite values 
of 3/. 

Suppose ^i is expansible as a power-series in M—M^^ 
where 3/^ is the value of If at / = ^^ , for all 1 3f — M^ \ <R. 
If this series is substituted in the^eight members of (6) and 
the terms are rearranged with respect to powers of M^M^y 
then power-series will be obtained which, in accordance 
with a theorem given by WEiER8TRASS,t converge for all 
I M— M^ \ <R. It follows, therefore, that to find the con- 
ditions under which x and y may be expanded as converging 
power-series in t—t^, or in M—M^y which is essentially 
the same because of the relation between M and f, it is 
only necessary to find the conditions under which E^^E—E^ 
may be expanded as a converging power-series in M—M^. 

Consider ^ as a function M. This function has singular 
points for certain values of M, and the expansion as a 
power-series in M—M^ will converge, in accordance with 
Caucht's well-known theorem, for all values of M—M^ 

* Introduction to Celestial Mechanics, pp. 152, 153. 

t Functionen Lehre, p. 73. The theorem is given for Laubbitt 
series, but this may be thought of as containing the ordinary power- 
series as a special case. 
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whose moduli are less than the distance from M^ to 



the 



nearest singular point. The quantity E is defined in terms 
of M by the equation 

^ ~ e sin -^ = M 

The problem is to locate the singular points of E con- 
sidered as a function of M from this transcendental relation. 
To do this consider the differential equation which relates 
j&and My 

<7) '"^ ' 



dM 



1 — eQO^E 



The right member of this differential equation is analy- 
tic in Ey and, in accordance with Cauchy's theorem quoted 
in Section 2 of this paper, in the vicinity of every E^ for 
which it is regular E— E^ is developable as a power-series in 
M—M^ which has a positive radius of convergency. Con- 
sequently, at all of those points for which the right member 
of (7) is regular, ^considered as a function of M is regular. 
Conversely, for every singularity of the right member of 
{7), E considered as a function of 3/ has a singular point. 

The right member of (7) is uniform, and the only singu- 
larities are the poles defined by 



<8) 



1 — e cos ^ = 



Since E is to be considered as a function of the complex 
variable M it will in general be complex. Suppose it has 
the form 

E ^ u-\- V— 1 ^^ 

where u and w are real. Then (8) becomes 

{9) 1 — e cos(w-l- ^Zllt^^) = l—e costt cos(V^wr) 

-f e sin w sin ( V^ m;) = 

Since cos (^ZIiw) is real while (sin^/ZIiw) is pure 
imaginary this equation is equivalent to the two equations 



<10) 



sin u sin ( V—l i^) = 



1—e cosM cos (V—l t^) = 1 — ^ cos w cosh w 







The first of these equations is satisfied by w = 0, or 
u = VTT, where v is zero or any integer. The second equar 
tion becomes in these respective cases 



(11) { 



1 — e cos u = 
1 ~(-l/<5C0shwt = 



Since ^e<l the first of these equations is impos- 
sible, and since coshw is positive for all values of w 
the second can be satisfied only if v is even. Hence the 
•conditions for singular points of the right member of (7) 
are given by 



<12) 



u = 2vtr , (v = zero or any integer) 
1 — e cosh w = 



As w* varies from zero to infinity cosh w is an increas- 
ing monotonic function whose limits are unity and infinity ; 
hence, for every 0<e<l, the second equation of (12) is 
satisfied by one, and but one, value of w\ The singular 
points are therefore given by 



u = 2v7r 
w = ±cosh" 



■G) - *-(^^^ 



(13) 



where the logarithm is taken to the Naperian base. 

From this point on let u and vf represent those values 
determined by (13). The real problem is to find for what 
values of M singular points occur, but so far only the 
values of E for which they occur have been found. Kep- 
ler's equation at once enables us to solve the problem. 
Let M = i-\-^^rj', then 

^-1- V— -1 V = E—e sin E = u-\- ^J^ w—e sin (Jc^ V^ ^) 

Expanding the last term, putting u = 2vw, and equating 
real and imaginary parts, it is found that 



( = 2v7r 
7f = tv — 



ecosu sin ( V—l t^) 



= w — e sin hw 



(14) 



Since ^ is an odd function of w, which is two-valued, ^ 
is two-valued. The singular points are located at the x in 
the following figure. 



-^^ 



-2?rr 




2rrr 



^rw 



Since E is finite for all finite values of M, these singular 
points are branch points. 

It follows from (13) and (14) that the location of the 
singular points depends upon e alone, and it is easily seen 
that as e varies from to 1 the singular points travel from 
infinity along the lines 2v7r toward the real axis. In prac- 
tice M^ is always real, and, because of the symmetry of the 
orbit with respect to the major axis, it is sufficient in dis- 
cussing the radius of convergence to suppose that — tt^ 
Jlf^ <7r. The true radius of convergence of E when expressed 
as a power-series in M—M^ is (see fig.) 



^M. = V3f2o+^ 



(15) 



where rj is defined by the second equations of (13) and (14). 
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It follows also from the ckain of argoments giFen above 
that E^ IB the trae radius of oooTergenee of the rectangu- 
lar coordinates and the expressions for the trifiwgles when 
expanded as power-series in M—M^, 

If t^ is the value of t correspcmdiag to M^ the true 
radius of convergence for all these functions when expanded 
as power-series in ^— ^^ is 



(16) 



iJ,= 



R. 



k 



(b) Coie of FmraMie Motion. Dr. Hamiltov treated 
this ease in his memoir giving vtot onlj tiie location of the 
singular points and the true radius of convergence, but 
also a complete discussion of the Bibmavn surface aesoei* 
ated with tite function. His formula for the true radios 
of convergence is,* in the notation of this paper, 



(17) 



B^ 






-J 



1+ 






It can also be found more simply by the methods em- 
ployed in this paper. The rectangular coordinates are 
expressed in terms of the true anomaly by the equations 



a? = r cos V = 



(18) 



p cos 
H-cos 



^-f('— I) 



y = r sinv = 



p sinr 



IH-cosv 



= p tan i 



The true anomaly is related to the time by the well-known 
equation 

^ ^v ^ V 2k(t-^T) 
(19) itan«^.ftan^= ^i 

and the differential equation which relates them is 



dt 



(u..|-n) 



In accordance with the principles employed in the ellip- 
tic case tan ^ i^^ 21 regular function of t at all points ex- 
cept at those in which 

tan^l-hl = 
The solutions of this equation are 



(20) 



tan- = ± V— 1 



Substituting in (19), the values of t for which the 
function is singular are found to be 



(21) 



{t'-T) = ± 



Zk 



• Attrvnomical Journal, No. 533, Eq.(18). 



Then the true radios of oonvergenoe for any real t^ is 

ni 



R^ = 



(.-r)« + (,-r)«=34Ji;!iM 



agreeing with Dr. Hamilton's results. 

(c) Case of Hyperbolic Motion, In the case of hyperbolic 
orbits the coordinates, elements, and auxiliaries are related 
by the following equations : * 

j9 = a(««-l) , e>l 

Jf = -, (^-T) = ^F-^e BinhF 



COBV 



Sin 9 



a(-H-aooshi^) 

«— cosh F 
— l+«coshjP 
>y^llisinhi^ 



(22) 



-l-hecoAF 
X as rcosv a CM — a oaahF 

y SB r sin t; ts a^JHJ sinh F 

It follows from tiie last two equations that x and jr are 
expansible into permanently oonTerging power-eeries in 
F—F^ for any finite F^, From the second equation it 
follows that F is finite for all finite values of M\ therefore 
X and y are expansible into power-series in F-^F^ which 
converge for all finite values of M. By virtue of the 
theorem of Weieestrass the conditions under which F^F^ 
may be expanded as a convergent power-series in M^M^ 
must be found in order to solve the problem. 

The problem is treated precisely as in the elliptic case. 
The differential equation relating -Fand Jf is 



dF _ 1 

IM "~ — 1-he cosh-F 



(23) 



The singular points of F considered as a function of M 
are located by 

— 1 + 6 cosh F= -l-hecosh(u-l-V=i«') = (24) 
Expanding the right member and equating the real and 
imaginary parts to zero, it is found that 



sinh a sin to ^ 
— 1 -h e cosh u cos tt* = 



(26) 



The first of these equations is satisfied by «? = va-, or 
1^ = 0. The second equation becomes in these respective 
cases 

— 1 + (-1)2 e cosh w = 
— l + ecos2^ a= 

Since e is greater than unity, and coshw is greater than 
unity for all values of w, the first equation cannot be satis- 

♦ Introd. to CeL Mec, pp. 155 and 156. 
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fied. The singular points are consequently giren by the 
equations 

(26) w = , — l-h« costr =» 
The solutions of the second equation are 

(27) ±tr = 2nr + C0S-»^^^ 

where v is zero or any integer, and cos""* i")^^ ^^* primi- 

tive yalue of this multiple valued function. Hence, substi- 
iutinf ± >/IZi w for F, where w is defined by (27), in the 
second equation of (22), the values of M for which the 
functions have singular points are found to be 

M= ( +y/ZIirf s= T V^^^" « sinA(± ^Hiw) 

Therefore, 

(28) f = , 

Let w «= 2yw + COS"* 

(29) i - 



±i; ^ — w-he sintc; 
/-^ ; then (28) becomes 



±^ = ^w — 2nr + e sinw 

The singular points are, therefore, all on the imaginary 
axis, distributed symmetrically on each side of the real 
axis, and occurring at intervals of 2^ out to infinity. The 
only values of M^ used in practice are real. Hence the 
true radius of convergenoe of the expansions of F, and 
consequently of x, y, and the triangles, as power-series in 
M—M^y when the motion is hyperbolic, is given by the 
equation 



(30) 



-R*= VS^n^ 



.The true radius of conTergenee for expansions in powers 
ott—t^ is foond from the relation between M and t to be 



(31) 



K-j^u 



4. Numerical Results. The preceding formulas are 
comparatively simple, and the numerical results can be 
obtained in any special case without much labor, neverthe- 
less tables of results with convenient intervals for the 
arguments are desirable. The true radii of convergence 
when the argument is M—M^ are capable of being tabu- 
lated very simply since they depend upon the two parame- 
ters e and M^ . They are given by the formulas (15) and 
(30). In these equations i; depends upon e alone. They 
are defined by (14) and (29) respectively. For convenience 
the formulas used will be collected here. 

When 0<e<l, then 



(32) 



I "^ =1 w — e sinh w 



R^ = y/M^+rf^ 
a)R^ 



i?,= 



*Jr, 



If a quantity M is introduced into the theory of parabo- 
lic motion for the sake of uniformity by the equation 



M . 



2k(t^T) 



r>l 



the corresponding equations become, when e 
R, 



1, 



When e>l 

S^cos-^g) 
^ s —tr "h e siuw 
From these equations Table I has been computed. 
Table I. log^. 



Rm. = yjM^-Hp 



) 
1 



(83) 



(34) 



e 


log? 


e 


log? 





oo 


.96 


8.0294 


.1 


0.3006 


1.06 


8.0000 


.2 


0.1181 


1.1 


8.4624 


.8 


9.9637 


1.2 


8.8865 


.4 


9.8130 


1.3 


9.1367 


.6 


9.6639 


2.0 


9.8357 


.6 


9.4749 


5.0 


0.5479 


.7 


9.2584 


10.0 


0.9283 


.8 


8.9690 


100.0 


1.9931 


.9 


8.4942 


1000.0 


2.9993 



From this table and the third, first, and third formulas 
of (32), (33) and (34) respectively the following table of 

values of log — ^ has been computed. 



Table II. 



'■»¥ 



« 


M,^0 


JTo-eoo 


Jfo = 120» 


Jfo = 180'» 





00 


00 


00 


00 


.1 


2.0651 


2.1178 


2.2260 


2.3361 


.2 


1.8826 


1.9896 


2.1574 


2.2966 


.3 


1.7281 


1.9086 


2.1238 


2.2794 


.4 


1.6774 


1.8663 


2.1055 


2.2709 


.6 


1.4183 


1.8213 


2.0953 


2.2660 


.6 


1.2394 


1.8014 


2.0898 


2.2636 


.7 


1.0228 


1.7907 


2.0871 


2.2623 


.8 


0.7334 


1.7862 


2.0859 


2.2618 


.9 


0.2586 


1.7846 2.0855 


2.2616 


.95 


9.7938 


1.7844 2.0854 


2.2616 


1.0 


1.5883 


1.8583 


2.1064 1 - 


e 


Jf„ = 


j»fo = 80° 


3f„ = 60» 


Jf„ = 90<' 


1.05 


9.7794 


1.4836 


J. 7794 


1.9606 


1.1 


0.2185 


1.4840 


1.7846 


1.9606 


1.2 


0.6509 


1.4880 


1.7856 


1.9610 


1.3 


0.9011 


1.4978 


1.7881 


1.9622 


2.0 


1.6001 


1.7000 


1.8618 


1.9983 


6.0 


2.3123 


2.3171 


2.3307 


2.3515 


10.0 


2.6927 


2.6936 


2.6960 


2.7000 


100.0 


3.7576 


3.7575 


3.7576 


3.7676 


1000.0 


4.7637 


4.7637 


4.7637 


4.7637 
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The irregularities in the numbers at « = 1 arise from 
the fact that M bears quite different relations to the true 
anomalies in the three kinds of conic sections. 

From Table II the true radii of convergence in t may be 
computed from the formulas 



aS if e<l or c>l 



(35) 






These formulas are so very simple that it is not worth 
the labor from a practical point of view to construct tables 
with different values of a and jt. But it is of interest to 
know about what the time intervals are for typical cases. 
The average major axis in the case of asteroid orbits, where 
the elliptic theory has application, is about 2.65, and the 
following table has been computed from the first part of 
Table II and the first equation of (35), using this value of 
a. 

Table III. R^^ in days when a = 2.65. 





For 


For 


For 


For 


6 


afo = o 


afo = 60» 


ifo = 120=" 


3^0 = 180° 





00 days 


00 <I«T. 


00 days 


CO days 


.1 


501.2 


553.0 


726.0 


933.7 


.2 


329.3 


421.1 


620.0 


854.0 


.3 


230.7 


349.6 


573.7 


821.0 


.4 


163.1 


302.2 


550.1 


805.1 


.5 


113.0 


285.9 


537.3 


796.0 


.6 


74.9 


273.1 


530.5 


791.5 


.7 


45.5 


266.5 


527.3 


789.3 


.8 


23.4 


263.7 


525.8 


788.4 


.9 


7.7 


262.7 


625.3 


788.0 


.95 


2.8 


262.6 


625.2 


788.0 



It follows from this table that the expansions of the 
rectangular coordinates and the triangles in power-series in 
the time are, in the case of the asteroid orbits where e 
rarely equals .3, valid for more than 200 days whatever 
position the body may have in its orbit. The time-interval 
for Jtfjj = decreases very rapidly as e approaches unity, 
while the change is much less for other values of M^ . The 
physical reason for this is that the angular velocity changes 
most rapidly at the perihelion as tne eccentricity varies. 
Since the major axis is kept constant the limit of the orbit 
as e approaches unity is a straight line of length 2a, 

Perhaps a more satisfactory idea of the effect of a change 
in the eccentricity upon the radius of convergence can be 
obtained by keeping the perihelion distance constant. The 
physical changes in the vicinity of the perihelion point are 
differences in curvature in the orbit, and the velocity of 
the body in its orbit. The curvature decreases continu- 
ally as e varies from zero to infinity, while the velocity 
continually increases. The decrease in curvature tends to 
increase the radius of convergence, but the increase of 



velocity decreases it much more. The major axis is ex- 
pressed in terms of q and t by 



p^ 2q 
e—l 



for 
for 
for 






(36) 



Taking ^ = 1 as an example, which will be fairly repre- 
sentative of many comets' orbits, the following table has 
been computed, taking M^ = 0, or t^ = T. For a different 
value of t^ all of the corresponding radii, which are ex- 
pressed in days, are larger. 

Table IV. log R^^ and R^^ in days for t^ = 2' and q = 1, 



e 


logJ?^ 


B.. 


« 


log R,. 


if.. 





00 


00 dayi 


1.0 


1.7388 


54.8 


.1 


2.1338 


136.1 


1.05' 1.7309 


53.8 


.2 


2.0281 


106.7 


1.1 


1.7185 


52.3 


.3 


1.9606 


91.3 


1.2 


1.6994 


50.1 


.4 


1.9101 


81.3 


1.3 


1.6853 


48.5 


.5 


1.8698 


74.1 


2.0 


1.6001 


39.9 


.6 


1.8364 


68.6 


5.0 


1.4093 


25.7 


.7 


1.8070 


64.1 


10.0 


1.2614 


18.3 


.8 


1.7819 


60.6 


100.0 


0.7641 


5.8 


.9 


1.7586 


57.4 


1000.0 


0.2643 


1.8 


.95 


1.7453 


55.6 









6. Zeroes of the Triangles, The conditions under which 
the coordinates and triangles may be expanded into con- 
verging series in the time have been determined for all 
classes of conies. But in practice the ratios of the expan- 
sions of two triangles, instead of the expansions of single 
triangles, are used. Hence poles of the functions exist for 
all those values of the argument for which the denominator 
vanishes. It should be remarked that the expressions for 
the triangles contain factors which vanish with the time 
intervals. In the ratios of the triangles the quotient of 
these factors is taken separately, and the remaining series 
in the denominator divided into the corresponding one in 
the numerator. Thus, f, being the origin for the expan- 
sions. 






(37) 



r 6r; ■*" 4r» dt^"] 

Hence the problem is to find the zeroes of * ^^ "~ ^ < ^i 

These singularities do not cancel those which were previ- 
ously found, for the former were all branch points. 

It is most convenient in finding the zeroes of the expres- 
sion above to find them first in terms of the true anomaly. 
This is easily anticipated, since the triangle vanishes when 
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the heliocentric motion in the interval is any multiple of ir. 
Of course, this would be the answer to the problem if it 
were proved that the triangles could not vanish for any 
complex values of the argument which have smaller moduli. 
Instead of using tj—tf in the denominator Vj—Vi will 
serve the purpose equally well, for these two quantities 
vanish simultaneously. The expression in question be- 
comes in polar coordinates 

(38) 

Xf t/j — t/i Xj (cos r, sin r^ — sm r , cos Vj) 

— T^Tj 



Now r, = 



sin(w^— 1;<) 
which cannot vanish for any finite 



l+ccosv, 

value of Vi , either real or complex. A similar statement ap- 
plies to Vj, Hence the condition for poles of the ratios 
of the triangles becomes 

sin fa -y,) ^ ^ 



(39) 



The variable v, depending on the complex variable tf will 
in general be complex. Suppose it has the form 



V = $-¥• ^—1 q) 



then (39) becomes 



_ (Oj—Oi) sin (Oj—Oi) cosh (<Py— qp^) 
. (%- (Pi) cos (^j- ^i) si^ ^ ((fj- (Pi) 

"^ (d,-d,)^-h((p,-(]p,)' 

V=l (Oj- Oj) cos (^^~ ^^) sin A (y^- <p,) 

VZT(g)^-()P,)sin(^^-^,)cosh(g)^-y,) _ 
(d,-d,)^+(g'>-9<)^ 

Equating the real and imaginary parts separately to zero, 
the conditions for poles are found to be 



{e,-e^ sin {6j-e,) cosh (<p^-g>,)+(<y^-()P«) cos (tf^-tf<) 8inh(y^-y,) 

(0,-0<)»+(g),-9,)' 
(g^-tf,) cos (gj-g,) sin h ((f,,-(p;) — ((pj-(p,) sin (g^-g,) C08h(y^— y,) _ 



(40) 



(41) ) 



From these equations it is found that 

cos (Oj—Oi) 8inh(g)^— qp^) s= 
sin(^^— ^,) cosh (cpj—q)^ = 

after dividing out the factor 

(Oj-Oi)'-^(%-(Pi)' 

The solutions of the first equation are 

$,-e, = (2v+l)^ or qp.-g), = 

The second equation becomes in these respective cases 

cosh(qp^— qp,) = , sin(^^=d,) = 

The. first equation cannot be satisfied, and the solutions 
of the second are 

Oj — $i s= w 

Consequently the solutions of (41 ) are 



(42) 



Oj—$, = VTT , (Pj — CPt = 



In the first equation v is any integer except zero, for 
equations (40) are indeterminate for 6|^— ^^ and <p^— <]p, simul- 
taneously zero.* 

The problem is to find the relation between tj and ti, or 
more simply between Mj and itfi, for which these poles 

* Dr. Hamilton gave these results for parabolic orbits, loc, dt, 
p. 54. 



occur. The solution of this problem is simple, since t is 
expressible in terms of t; by finite equations in each of the 
three classes of conies which must be considered separately. 

(a) Case of Elliptic Motion, The eccentric anomaly is 
expressed in terms of the true anomaly by means of the 
equation 



Therefore 

1^' - |i^ 



2 >Ji 



? tan v> 

1+6 2 



tan -' = Jl^ tan \ (0,-h ^Zli <p,) 

E x\ — 

tan -^ = y—^ tan^ (^<-hv7r+ >/— -i 9<) 



If V is odd 
E. 



*^^T= -^g cotH^.H- V=roP.) = -^iT7^"^ 2 



If V is even 



E 

txa-J = tan ^ 



, (1-e) 



(43) 



E, 



Then the mean anomalies are computed from the equa- 
tions 

M^= Ej-e6inEi ] ^**'' 

and the time interval from 

,,_,. = t^.=^(^^ (46) 
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In practice tf and tj represent two of t^jt^^t^f and ^ is 
taken as the origin of time for the expansions. Since ^ ia 
real it follows that r, is real, and then from second equa- 
tion of (42) that if one of the epochs tt, tj is f, the other is 
real. The limit on the time-interval is that the heliocentric 
motion of the body during it shall be less than 180*". If 
tj^ti = t^—ti there are two quantities limited by but a 
single equation, and one of them may be taken arbitrarily. 
From (42) it follows that if one is real they both are, 
and the modulus becomes a minimum. Hence in all cases 
<p^ =s g)^ sr 0. The time-interyal must be such that the 
heliocentric motion during it shall be less than 180^ 
This leads to the following interesting result. Suppose 
an obseryation has been made at t^, and that two more 
are to be made ; the radius of convergence of the recipro- 
cal of the triangle does not depend upon the way in 
which the second observation divides the whole interval, 
at least except so far as the intervals ^,— ^i and fj— ^, are 
limited by the branch points previously discussed. 

(b) Case of Parabolic Motion, The formula for parabolic 
orbits is 
(46) 



i,~t, = 



PL 
2k 



j.»<S±i)-U„J + j(un.<S±li-«..|)| 



(c) Case of Hyperbolic Motion, 
bolic orbits are 



2 2 

The formulas for hyper- 



tan 



^i __ le— 1 



tan: 



(47) 



2 >|e+l 

M^ = — i^jH-e sinhi?; 
M^ = -25}-l-esinh/; 



^-=lcot^' 
c+l 2 



tj-t, 



k^ 



In case the triangle between r^ and r, occurs in the 
denominator the expansions of the ratios the triangles are 
never valid when the whole heliocentric motion in the 
interval of time t^—t^ is as much as ISO®. Notwithstand- 
ing this fact much space has been used in explaining the 
solutions of certain equations depending on these expan- 
sions in the case where this limit is exceeded.* If the 
heliocentric motion in the whole interval is less than 180% 
the series are always convergent unless the intervals are 
still further limited by the branch points of the functions. 
The formulas given in section 3, or the tables of section 4, 
show when this will occur. 

6. Numerical Results. For practical use a table giving 

log [ — ?-^r — -\ will be most servicable since it depends only 

* Oppolzkr, Bahnbestimmungy pp. 79, 93. Watson, Theoretical 
Astronomy^ pp. 186-7. 



upon the arguments a and t^ . The time in days can be 
found by multiplying this quantity by of in the case of 

elliptic and hyperbolic orbits, and by ^ in the case of par- 

abolic orbits. It will be sufficient to give the results for 
Vj =x —90®, Vj =s 0, and v^ » +90® in elliptic orbits, and 
for i\ =s _90® in the case of parabolic and hyperbolic orbits. 

fM^^M;\ 



Table V. log (^^») . 



e 


», = — 90» 


», =0 


r, = +W 


« 

1 


e, =— 90« 





2.2616 


2.2616 


2.2616 


1.0 


2.1904 


.1 


2.2026 


(« 


2.3132 


1.05 


0.3836 


.2 


2.1350 


« 


2.3593 


1.1 


0.8273 


.3 


2.0568 


.< 


2.4000 


1.2 


1.2646 


.4 


1.9647 


ii 


2.4362 


1.3 


1.5158 


.5 


1.8540 


tt 


2.4679 


2.0 


2.2444 


.6 


1.7161 


tt 


2.4958 


6.0 


2.9694 


.7 


1.5358 


tt 


2.5197 


10.0 


3.3476 


.8 


1.2789 


tt 


2.5397 


100.0 


4.4199 


.9 


0.8349 


tt 


2.5642 


1000.0 


6.4266 


.96 


0.3857 


tt 


2.5695 


- 


— 



While the preceding table enables one to compute very 
simply the limit with sufficient accuracy in any case that 
can arise, it fails to give one at a glance the way the limit 
changes with the eccentricity. For this purpose the fol- 
lowing table was computed keeping the perihelion distance 
equal to unity. 

Table YI. t^ — ^i in days for y = 1, r^ =« — 90®. 



e 


U-ti 


e 


tt — tl 





182.6 


1.0 


219.2 


.1 


186.8 


1.05 


216.3 


.2 


190.8 


1.1 


212.5 


.3 


194.7 


1.2 


206.6 


.4 


198.4 


1.3 


199.5 


.5 


202.1 


2.0 


176.6 


.6 


206.7 


6.0 


113.9 


.7 


209.1 


10.0 


82.6 


.8 


212.5 


100.0 


26.7 


.9 


215.9 


1000.0 


8.6 


.95 


217.4 







These intervals for Vj = — 90® are the shortest for which 
any of the three triangles can vanish when the perihelion 
distance is unity. If the interval between the first and 
last observations is less than the number given in the table 
no trouble can arise from this singularity. 

The real question is whether the radius of convergence 
of the quotient of two triangles is determined by the 
poles or the branch points. To settle this question for that 
part of the orbit where the radius of convergence is least 
compare Tables lY and YI. It is necessary to make some 
assumption regarding the way the second observation di- 
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rides the whole interval. For simplicity suppose it divides 
it into two equal parts. Then, to get the whole interval 
as determined by the branch points, it is necessary to 
multiply the numbers of Table IV by two, while those in 
YI are to be taken as they stand. It is at once seen that 
so long as e ^ .2 the true radius is determined by the poles 
defined by the vanishing of the triangle in the denomi- 
nator ; and so long as e > .3 the true radius of convergence 
is determined by the branch points which were found in 
section 3. This is true for all orbits as well as for ^ = 1 
since the limits in both cases depend upon the linear di- 
mensions of the orbit in the same manner. 

If the triangle contained between r^ and r^ does not oc- 
cur in the denominator the numbers in Table VI should be 
multiplied by two, for the whole interval will be about 
twice as long as t^ — t^ or t^ — t^. In this case the branch 
points determine the true radius of convergence if e>.l. 
In no case does the convergence of the series persist until 
the whole heliocentric motion gets near 180® except when 
e<.2. 

7. Comparison with the Series used in the Astronomical 
Journal, No. 510. In the paper in loc, cit, solving the 
second part of the problem of determining the elements of 
an unknown orbit, certain series were employed which 
were shown to converge if the heliocentric motion in the 
intervals t^ — t^ and t^ — t^ were not too great. The pre- 
cise radius of convergence for various values of the eccen- 
tricity was given in Table I, p. 48. The question of inter- 
est is whether the series used in that paper converge so 
long as those which express the ratios of the triangles. 
In the determination of orbits the whole interval of helio- 
centric motion must be less than 180° as has been shown. 
Consequently, so long as the radius of convergence is 
greater than 90"* for the series used in A.J. No. 510, the 
second part of the problem is solvable by the method de- 
veloped there if the first part is by the usual method. It 
is seen from Table I, loc. cit. p. 48, that for the middle ob- 
servation in any part of the orbit the series are valid over 
an interval greater than 180** if e< .1 j and, when t^ = T, 
the interval is greater than 180"* for all finite values of e. 
For e = 1, t^ = r, the limit is precisely 360**. 

It was shown in the preceding section that the true 
radius of convergence is defined by the poles as long as the 
eccentricity has a value less than .3. It follows from 
Table I, A.J. No. 510, that the series developed there for 
all e < .3 are valid for greater intervals than those giving 
the ratios of the triangles except when v, > 120°, in which 
case the limit is a little less for e^ .2 and e « .3. There- 
fore no trouble can arise in the asteroid orbits in using the 
method of solving the second part of the problem of orbits 
which was developed in the former paper. It also follows 
from Table I, loc. cit., and the results of this paper that in 



case of parabolic orbits the proposed series converge for 
greater intervals than those for the ratios of the triangles 
so long as the true anomaly at the time of the second ob- 
servation does not exceed 90°. This is taking into consid- 
eration only the poles, and the branch points show that the 
radius of convergence of the series of the former paper are 
greater than those in this for e = 1 for values of v^ consid- 
erably greater than 90°. 

This is all that is desired from a practical point of view, 
for observations of comets are not usually made when the 
true anomaly is very great. The conclusion is that when- 
ever the series for the ratios of the triangles are of prac- 
tical use those developed in A.J. No. 510 for finding the 
elements may also be used. It was shown in the former 
paper that three terms of the series used in finding the 
elements give results accurate to the sixth place when e = 1, 
g' = 1 and t^ — t^ <13 days, t^ — ty <13 days. In the 
expression for the ratio of the triangle between r, and r, to 
that between r^ and r^ the term of the fourth degree con- 

tains — \^ — ~- , the remainder of it vanishing if 
oo rj 

^3 — ^j = ^2 — fj. If ^, — f J = 13 days, q = 1, and v^ = 
the numerical value of this term is .00007, giving an 
error of seven units in the fifth place if it is omitted. 

8. The Convergence of the Series used in Other Methods. 
The preceding investigations exhibit in a conspicuous man- 
ner the weakness of the Olbers and Gauss methods, which 
can be used only when the intervals of time between the 
observations are comparatively short. On the other hand 
the elements are better determined when the points on the 
orbit are not very near together. Thus, the computer finds 
himself limited in both directions, and in most cases he can 
secure satisfactory agreement between theory and observa- 
tions only by differential corrections based on errors in an 
ephemeris. A thorough discussion of what intervals are 
most advantageous in the various possible cases which can 
arise in practice is much to be desired, and the results con- 
tained in this paper furnish a solid foundation for such an 
investigation. 

Another question of much interest and practical impor- 
tance is whether some of the other methods, which are short 
enough to be of practical value, are not free from the limi- 
tations to which the method of Gauss is subject. Most 
conspicuous of these is that first developed by Laplace.* 

The same general ideas have been followed out by Villar- 
CEAu in an exhaustive memoir, t which for some unex- 
plained reason is not referred to by later writers using the 
same fundamental ideas. The process has been carried 
out to terms of higher order, but at the price of great 
complexity, by Harzer-J More recently Leuschner has 

* Mecanique Cilesie, Vol. I, Part I, Book U, Chap. IV. 
t Annales de VObaervatoire Imp4rial de Paris, Vol. III. 
t Astronomische Nachrichten, No. 8371. 
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developed it* so as to make its practical application at 
every point as simple as possible. In a very suggestive 
preface to Tisseband's Legons, PoiNCARi has commented 
on the fundamental ideas in the methods of Gauss and 
Laplace, and has shown that they are essentially the same 
in the first approximation. 

In all of these expositions developments of the geocen- 
tric polar coordinates as power-series in the time are used. 
The present question relates to their convergence. Let the 
geocentric rectangular coordinates be ^, i;, 1^ and the polar 
coordinates p, a, 8. The rectangular coordinates are related 
to the rectangular heliocentric coordinates by linear equa- 
tions with constant coeflBcients, and they have, therefore, 
the same radius of convergence. The rectangular and polar 
coordinates are related by the equations 

( ^ = p cos a CQS 8 

/43\ J ^ = P sin a cos 8 

1 ^ = p sin 8 

From these equations it follows that 



(49) 



a = tan" 



8 = tan- 



The singular points of these equations are defined by 
(50) j ^+,^+{« = , 1 = 1 , ;7^ = 1 

If these equations were expressed in terms of the ele- 
ments of the body and the earth, and of the time, and if 
the resulting equations were solved for the time (using 
complex values) the singular points of the functions would 
be found. There would be no serious practical difficulty in 
the matter, since these coordinates are expressible linearly 
in terms of the heliocentric coordinates which are expressed 
in terms of the time for all conies by means of well-known 

* Publications of the Lick Observatory, Vol. VII, Part I. 
The University of Chicago, 1903 March 28. 



equations. It is not intended to enter into the details of 
this matter here. It is sufficient to point out that when 
6 > .3 the developments of i, rf, and ^, and consequently of 
p, a, and 8 converge only so long as the expressions for the 
ratios of the triangles converge. In this case the Lap- 
LAciAK method has no advantage from this point of view 
over the Gaussian. It is to be noted further that the 
singularities (50) depend not only upon the eccentricity 
and parameter of the orbit in question, and upon the po- 
sition of the body in its orbit, but also upon the elements 
which define the plane of the orbit, and the coordinates of 
the earth. 

It is evident that these many parameters might occur in 
such a manner that one of equations (50) would be fulfilled 
for a time-interval of very small modulus, when the method 
would fail for even short intervals between the observa- 
tions. For example, the expansions would soon fail if the 
body were near the pole. This is only a fault of the 
method, and not an inherent difficulty, for a change to 
ecliptic coordinates will avoid it. When the eccentricity 
is less than .3 the Laplacian expansions may converge 
longer than the Gaussian, but there is no guarantee of it 
in general. The conclusion is that the two methods are 
subject to the same general restrictions, though in special 
cases each may be better than the other. 

There are three problems worthy of solution by the more 
powerful methods of modern mathematics, (a) To find 
under what conditions the data furnished by three obser- 
vations are essentially insufficient to define the elements of 
the orbit ; (6) to find under what conditions the same data 
are insufficient to define the elements by the Laplaciak 
method; and (c), the same problem for the Gaussian 
method. Perhaps the answer in the three cases is the 
same. Dr. Hamilton has answered (a) in many, if not 
all, cas^s of parabolic orbits in a memoir still unpub- 
lished, by a direct discussion of the Jacobian of the co- 
ordinates with respect to the elements. 



OBSERVATION OF TURNER'S "JS^OVA;' {2^9ri —OEMINORUM)* 

MADE WITH THE 26-INCH EQUATORIAL AT THE U.S. NAVAL OBSERVATORY, 

By C. W. FREDERICK. 
[Communicated by Captain Colby M. Chester, U.S.N., Superintendent.] 
1903 W.M.T. Comp. Ja J8 App. a App. 8 Red. to App. Place 

March 31 8*» | 29 , 6 | -hl°» 17-.54 [ -2' 20".9 | 6*» 38™ 1*.73 | +30° 2' 21".8 | -hlM8 -6".9 

Mean Place of Comparison- Star for the heginning of the year. 

a 8 Authority 

6^36'"43*.01 I -h30°4'49".6 | ^ [Leiden A.G. 2783+ Cambridge, Eng., A. G. 3447] 

The comparisons in a were made by transits. 

The position of the Nova reduced to 1903.0 is : 6*» 38°» 0'.54 -hSO** 2' 28".7. 



♦ From Supplement to No, 536, 
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PHOTOGRAPHIC OBSERVATIOI^^ OF THE MINOR PLAKET, (60) ECHO,'' 

obtained with thk 6-lvch star-oa.mkbjl at thb u. s. stataii obsebvatort, 

By G. H. peters. 
[Communicated by Capt C. M. Chesteb^ U.S.N., Superintendent.] 



The minor planet (60) Echo, which was discovered by 
Ferguson at this Observatory, was picked up in 1899 by 
photography. Before its elements were determined it was 
considered a new discovery, but subsequently was identi- 
fied as Echo, 



This asteroid was photographed at the Naval Observa- 
tory on April 17, 1903, on a plate exposed from 12** to 
13** 15" W.M.T., and the following correction to the posi- 
tion in the Berliner Jahrhuch determined. 

Correction Ja -hl"^.7 M —6'. 



» From Supplement to No. 536. 



PHOTOGRAPHIC OBSERVATIONS OF MINOR PLANETS, 

OBTAINED WITH THE 6-INCH STAB CAMEBA AT THE U.S. NAVAL OBSEBVATOBY, 

By G. H. peters. 
[Communicated by Capt. C. M. Chesteb, U.S.N., Superintendent.] 



The appended corrections to the Berliner Jahrhuch po- 
sitions were determined from photographic trails of the 
asteroids given below. In the case of (236) Honoria no 
observations are noted since 1890. 



Asteroid 

(83) Beatrix 

(236) Hoiioria 

(335) Boberta 



Date Correction 

April 27, 1903 Ja ~2°3 z/8 +13 

April 28, 1903 -6.6 +28 

April 28, 1903 -2.0 +3 



OBSERYATIOIs'S OF COMET cl 1903 (giacobini)* 

MADE WITH THE 26-INCH EQUATOBIAL AT THE U. 9. NAVAL OBSEBVATOBY, 

By C. W. FREDERICK. 
[Communicated by Captain C. M. Chbstkb, U.S.N., Superintendent.] 



1903 Wash. M.T. 

_ 


* 


Comp. 


Ja 


J8 


App.a 


App. S 


logpA 


Red. to App. PI, 


Jan. 21 


h m 8 

6 39 31 


1 


9, 4 


+0"'58'85 


+ 1 24.0 


li in • 

23 6.61 


+ 2° 47' 46.0 


9.574 


0.724 


-0'.29 +2^7 


22 


6 33 43 


2 


9, 4 


-1 53.79 


-0 49.5 


23 1 10.86 


+ 3 2 7.S 


9.570 


0.722 


-0.28 +2.6 


23 


6 51 4 


3 


20, 8 


+ 3 21.25 


-0 59.6 


23 2 17.39 


+ 3 16 55.0 


9.595 


0.723 


-0.30 +2.7 


30 


6 46 22 


4 


dlO , 10 


+0 31.59 


+9 4.7 


23 10 41.63 


+ 57 13.6 


9.611 


0.716 


-0.27 +2.2 


Feb. 6 


6 46 29 


5 


40, 8 


+ 1 15.73 


-4 17.7 


23 18 53.17 


+ 6 53 3.2 


9.627 


0.711 


-0.29 +1.8 


6 


6 40 54 


6 


d 8,10 


-0 11.94 


-3 18.8 


23 20 21.02 


+ .7 11 40.9 


9.624 


0.708 


-0.26 +1.8 


9 


7 8 26 


7 


30, 8 


+ 1 46.03 


+4 6.4 


23 24 55.10 


+ 89 52.9 


9.649 


0.716 


-0.25 +1.7 


12 


7 14 


8 


30, 6 


+3 16.97 


-3 13.3 


23 29 42.19 


+ 9 10 23.0 


9.650 


0.711 


-0.23 +1.6 


17 


7 17 23 


9 


<;i0 , 10 


-0 13.45 


-6 25.0 


23 38 17.60 


+ 10 57 26.9 


9.663 


0.716 


-0.23 +1.1 


19 


7 15 19 


10 


15. 3 


+ 7 57.27 


+ 2 22.0 


23 41 65.34 


+ 11 41 49.5 


9.665 


0.716 


-0.24 +1.1 


20 


6 42 55 


11 


rflO , 10 


-0 13.45 


-1 44.3 


23 43 44.40 


+ 12 3 52.a 


9.654 


0.698 


-0.20 +0.9 


22 


6 50 68 


12 


dlO , 10 


-0 25.19 


-7 0.2 


23 47 33.20 


+ 12 49 23.7 


9.661 


0.702 


-0.19 +0.8 


23 


7 3 13 


13 


19, 4 


+ 3 4.13 


-1 15.8 


23 49 30.53 


+ 13 12 21.5 


9.667 


0.709 


-0.19 +0.8 


25 


7 10 53 


14 


did , 10 


+0 26.81 


-2 17.2 


23 53 28.22 


+ 13 57 59.9 


9.671 


0.713 


-0.18 +0.6 





Mean Places 


of Comparison^ Stars for the beginning of the 


year. 


* 


a 


8 


Authority 


* 


a 


8 


Authority 


1 


b m • 

22 59 8.05 


+ 2 46 19.3 


Albany, A.G. 7960 


8 


23 26 25.45 


+ 9° 13 34.7 


Leipzig II, A.G. 11676 


2 


23 3 4.93 


+3 2 54.7 


Albany, A.G. 7980 


9 


23 38 31.28 


+ 11 3 50.8 


Leipzig I, A.G. 9412 


3 


22 58 56.44 


+3 17 61.9 


Albany, A.G. 7957 


10 


23 33 58.31 


+ 11 39 26.4 


Leipzig I, A.G. 9387 


4 


23 10 10.31 


+4 68 6.7 


Albany, A.G. 8028 


11 


23 43 58.06 


+ 12 5 36.3 


Leipzig I, A.G. 9451 


5 


23 17 37.73 


+ 6 57 19.1 


Leipzig II, A.G. 11622 


12 


23 47 68.58 


+ 12 56 23.1 


Leipzig I, A.G. 9469 


6 


23 20 33.22 


+ 7 14 57.9 


Leipzig II, A.G. 11641 


13 


23 46 26.69 


+ 13 13 36.6 


Leipzig I, A.G. 9461 


7 


23 23 9.32 


+8 5 50.8 


Leipzig II, A.G. 11652 


14 


23 63 1.59 


+ 14 16.5 


Leipzig I, A.G. 9606 



The first observation by W. W. Dinwiddie. Comparisons in a were directly determined by micrometer when marlced d. 



* From Supplement to No. 5S6. 
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OBSERVATIONS OP COMET d 1902 (qiacobini)* 



MADB WITH 


THE 26-INCH BEFBACTOB OF 


THE LSANDBR MCCOBMICK OBSBBVATOBY, UNIVBBSITT OF VIBGINIA, 










By T. McN. 


SIMPSON, Jb. 






1903 Charl. M.T. 


* 


Comp. 


Ja 


j8 


App.a 


App.8 


logpA 


Red. to App. PL 


h m B 

Feb. 18 10 69 8 


1 


- , 9 


m 8 


-0 53^5 


h m • 


+ 19° 22 63^6 


. . 


9.616 


» ' 

. . -11.1 


11 11 48 


1 


6, - 


+ 2 21.66 


• • 


6 36 3*7.66 


• • • . 


9.464 


, , 


+1.82 . . 


20 11 28 40 


2 


- , 5 


• • 


-4 61.9 


• • • • 


+ 19 68 46.6 


, , 


9.623 


. . -11.1 


11 47 50 


2 


11, - 


-0 46.52 


• • • 


6 36 30.78 


• • ■ • 


9.662 


• • 


+ 1.83 . . 


21 11 18 37 


3 


- ,12 


. . 


-1 36.0 


. 


+20 16 15.9 


. , 


9.613 


. . -10.9 


23 9 13 57 


4 


- , 8 


. . . 


+ 1 16.2 


• • • • 


+ 20 49 23.4 


• • 


9.420 


. . -10.7 


9 15 10 


4 


dU, - 


-0 5.96 


■ • • 


6 36 33.66 


. . . • 


9.028 


, , 


+ 1.79 . . 


24 9 41 12 


5 


8, 8 


-1 26.92 


+ 3 39.0 


6 36 38.12 


+ 21 6 44.4 


9.228 


9.428 


+1.78 -10.7 


26 11 20 38 


6 


8, 8 


+ 3 7.98 


+ 2 34.3 


6 36 44.34 


+21 24 44.1 


9.652 


9.513 


+ 1.75 -10.4 


26 10 17 17 


7 


die , 12 


-0 20.32 


-0 22.3 


6 36 61.64 


+21 40 40.3 


9.407 


9.499 


+ 1.75 -10.3 


Mar. 3 9 61 66 


8 


12, 8 


-1 12.11 


+4 59.6 


6 37 54.23 


+23 69.1 


9.390 


9.414 


+ 1.67 - 9.9 


4 11 33 31 


9 


16,10 


-0 49.22 


-1 48.2 


6 38 12.32 


+ 23 17 36.4 


9.619 


9.532 


+ 1.66 - 9.8 



Mean Places of Comparison- Stars for 1903.0. 



* 


a 


8 


Authority 


* 


a 

h m • 

6 33 34.61 
6 37 10.21 
6 39 4.67 
6 38 59.88 


8 


Authority 


1 

2 
3 
4 
6 


h m s 

6 34 13.68 
6 37 15.47 
6 36 14.92 
6 36 37.83 
6 38 3.26 


+ 19°23'58!2 
+20 3 49.5 
+ 20 18 2.8 
+ 20 48 18.9 
+21 3 16.1 


A.G. Berlin, A, 2297 
A.G. Berlin, B, 2544 
A.G. Berlin, B, 2533 
A.G. Berlin, B, 2535 
A.G. Berlin, B, 2552 


6 
7 
8 
9 


+ 21 22 20.2 
+21 41 12.9 
+22 66 9.4 
+ 23 19 34.4 


A.G. Berlin, B, 2505 
A.G. Berlin, B, 2543 
A.G. Berlin, B, 2564 
A.G. Berlin, B, 2563 



Notes : d refers to direct micrometrical measurements. 
Charlottesville, Va, 



March 4 — Comet faint, observations interrupted by clouds. 



* From Supplement to No, 5S6. 



RESULTS OF OBSERVATIONS WITH THE ZENITH TELESCOPE, FLOWER 
OBSERVATORY, UNIVERSITY OF PENNSYLVANIA, 

By C. L. DOOLITTLE. 

The following series is a continuation of that found in 
the Astronomical Journal of October 16, 1891 (No. 509). 

The value of the constant of aberration resulting from 
this series is 20".5 13 ±.009. 



gj = 39° 58'+ 



IV No. I 



Oct. 



1 
3 
4 
5 
6 
7 
8 

10 
15 
16 
17 
18 
19 
21 
23 
24 
25 
26 



1.87 
2.01 
2.06 
1.87 
2.19 
2.03 
1.93 
1.93 
2.15 
1.75 
2.20 
1.97 
2.18 
2.04 
1.99 
2.06 
2.06 
1.90 



1.97 
2.00 
1.96 
2.12 
1.87 
1.94 

1.81 
2.02 
1.88 

2.17 
2.15 
2.14 
1.94 
2.01 
2.14 



No. 

8 
8 
6 
9 
10 
9 

8 
10 
10 

10 
10 
10 
10 
10 
10 



IV No. I No. 



1901 

Oct. 27 
29 
30 

Nov. 1 
2 

3 

6 

7 

8 

9 

10 

12 

14 

15 

19 

20 

21 

22 



2.07 
1.97 
2.09 

2.19 
2.19 
2.00 

1.88 

1.96 
2.06 
2.10 
1.95 

2.10 
1.98 
1.96 
1.90 



2.10 
1.92 
2.13 
2.06 
1.99 
2.00 
2.07 

2.09 
2.23 
2.06 



1.98 
2.14 
1.98 
2.01 
2.19 



10 
10 
5 
10 
10 
10 
10 

10 
10 
10 



10 
10 
10 
10 
6 



190S 

Jan. 25 

27 

28 

30 

Feb. 2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

14 

15 

18 

19 

22 

23 

24 

Mar. 1 

2 

3 



I 
2.^18 

2^39 
2.24 
2.20 
2.07 
2.20 
1.81 
2.11 
2.29 
2.21 
2!32 
2.35 
1.88 
2.28 
2.30 
2.47 
2.30 
2.49 

2.24 
1.94 
1.95 
2.19 
2.22 



No. II No. 



9 

7 
10 
10 
10 
10 
10 
10 
10 
10 

4 
10 

7 
10 
10 
10 
10 
10 

10 
4 
5 
6 

10 



2.31 10 



2.15 10 



2.13 9 



2.36 
2.06 

2.39 
2.06 
2.19 
2.22 
2.24 
2.16 
2.31 
2.21 



10 
10 

10 
2 

10 
2 

10 
10 
10 
10 



I No. II No. 



190S 

Mar. 



6 
9 
10 
11 
14 



2.21 
2!l6 
2.33 
1.87 



10 

3 

10 

10 



2.27 10 



2.41 
2.02 
2.23 



10 
8 
5 



II No. Ill No. 



1902 

May 



June 



5 
8 
9 
11 
13 
14 
15 
17 
19 
21 
22 
24 
28 
29 
30 
31 
1 



2.40 
2.08 
2.60 
2.34 



10 
9 

10 
10 



2.44 10 

2.17 10 

2.26 6 

2.36 9 



2.49 
2.14 
2.42 
2.35 
2.46 
2.32 
2.26 



9 
10 
10 
10 
10 
10 
10 



2.23 
2.06 
2.30 
2.09 
2.13 
1.98 
2.03 



10 
10 
10 
10 
9 
10 
10 



2.24 10 
2.00 10 
2.19 3 



2.13 
2.03 
2.22 
2.18 
2.07 



10 
10 
10 
10 
9 
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II 


No. 


III 


No. 




III 


No. IV ] 


(To. 




IV 


No. 


I 


No. 




IV 


No. I No. 


June 2 


2^00 


6 


f 


• • 


July 12 


2.00 


10 2^13 


9 


uoi 

Aug. 30 


1^89 


9 


f 




itos 
Oct. 23 


l!69 


3 .. .. 


4 


2.51 


7 


2.45 


9 


13 


2.02 


10 1.98 


9 


Sept. 2 


2.40 


1 






25 


2.17 


9 .. .. 


5 


2.10 


10 


2.48 


9 


14 


2.02 


10 2.00 


9 


ST 

4 


2.19 


9 






28 


1.97 


9 2.20 9 


6 


2.10 


9 


2.02 


7 


15 


1.99 


8 2.16 


9 


5 


2.30 


9 






29 




.. 1.88 10 


7 


,, 


• • 


2.16 


10 


16 


2.31 


10 2.11 


9 


6 


2.05 


9 






30 




.. 1.89 10 


8 


2.48 


10 


2.45 


8 


17 


2.00 


10 2.02 


9 


7 


1.93 


9 






31 


2.06 


9 1.95 10 


9 


1.92 


8 


2.03 


10 


22 


2.35 


10 2.37 


8 


10 


2.12 


9 






Nov. 1 


1.83 


9 2.32 10 


10 


2.14 


5 


.. 


.. 


23 


2.15 


2 .. 


.. 


11 


1.94 


9 






2 


1.92 


9 1.90 9 


12 


2.17 


6 


.. 


.. 


24 


2.00 


8 .. 


.. 


13 


2.18 


9 






3 


1.90 


7 2.01 6 


17 


,. 


.. 


2.23 


10 


27 


2.02 


10 1.94 


9 


14 


207 


9 






7 


2.13 


7 2.00 7 


19 


.. 


.. 


2.21 


10 


Aug. 1 


2.15 


7 .. 


.. 


15 


2.28 


9 






14 


1.84 


9 .. .. 


21 


.. 




2.25 


5 


2 


2.16 


8 2.00 


9 


16 


2.05 


9 






16 


2.06 


8 .. .. 


22 


.. 


.. 


2.34 


10 


4 


2.19 


10 2.04 


9 


17 


2.18 


3 






19 


2.05 


9 2.10 6 


23 


.. 




2.36 


10 


6 


.. 


.. 2.37 


9 


Oct. 9 






2.07 


8 


20 


1.97 


9 .. 


24 




.. 


1.99 


8 


7 


2.02 


7 .. 


.. 


12 


1.98 


9 






21 




.. 1.88 10 


27 


.. 


.. 


2.32 


2 


8 


2.10 


1 2.24 


9 


14 


2.08 


9 


1.93 


ib 


23 


1.85 


9 1.83 10 


July 4 


.. 


.. 


2.04 


2 


9 


2.01 


10 2.01 


6 


15 


2.07 


9 


1.91 


10 


27 


1.99 


9 1.94 9 












11 


2.12 


10 1.98 


9 


19 


1.96 


9 


2.13 


10 


28 


1.88 


9 1.91 9 




Ill 


No. 


IV 


No. 


12 


2.11 


10 2.24 


9 


20 


2.17 


8 


1.98 


10 


29 


1.81 


5 .. .. 


laoi 


K 




f 




14 


2.14 


10 1.97 


9 


21 


2.08 


9 


2.10 


10 


Dec. 1 


1.90 


8 2.06 10 


July 8 


2.18 


10 


2.16 


7 


16 


2.13 


9 2.25 


9 


22 


1.95 


9 


1.89 


10 








10 


2.29 


10 


2.53 


9 


17 


2.20 


10 2.01 


9 


















11 


2.01 


10 


2.02 


8 


18 


1.91 


10 2.16 


9 



















Weighted 
Mean Date 


^ 


1901-3 

Oct. 9 


39 58 1^974 


Oct. 26 


2.060 


Nov. 13 


2.040 


Feb. 3 


2.188 


Feb. 16 


2.264 


Mar. 7 


2.194 


May 12 
May 28 
June 7 


2.334 

2.114 

39 58 2.224 



No. 


Weighted 
Mean Date 


<f 


No. 


184 


MM 

June 21 


39°58'2!234 


57 


194 


July 16 


2.116 


213 


192 


Aug. 11 


2.112 


198 


149 


Sept. 9 


2.098 


103 


145 


Oct. 18 


2.012 


133 


87 


Oct. 28 


2.008 


130 


153 


Nov. 24 


39 58 1.938 


129 


131 
114 


Whole number, 


2312 



MICROMETER OBSERVATIONS OF THE SATELLITE OF NEPTUNE IN 

1901-1902 AND 1902-1903, 



Observations of the Satellite of Neptune, 1901-1902. 
1901 August, 



90° time 



MADB WITH THE 40-INCH REFRACTOR OF THE TERKES OBSERVATORY, 

By E. E. BARNARD. 

These measures of the satellite of Neptune are continu- 
ation of the observations previously printed in A.J, 508, etc. 

The measures have all been made with a power of 700 
diameters. It was thought there might be some gain in 
using this eyepiece, though a lower power would some- 
times have shown the satellite better. 

The season of 1902-1903 has been a very bad one, and 
the measures of the satellite in general have been diflScult. 
An unusual amount of cloudy weather has cut down the 
number of nights on which observations could be made. 

Ab in previous observations the center of Neptune was 
bisected ; as the disc is not large, this can be done with 
great exactness, and it is believed that observations 
so made, in the case of this planet, are preferable to 
measures made from the limb or limbs. 

The two sets of distance measures were made with the 
fixed and movable wires interchanged, so that they are 
essentially double distances. 



Comp. 



d h Di « 

27 15 57 16 
16 3 7 
16 9 


92!ll 


g 

16.06 
15.81 


6 
4 
4 


3 15 41 45 
15 47 69 
15 53 


42.05 


September 

12.81 
13.00 


6 
5 
5 


16 15 21 57 
15 30 23 
15 36 16 


302.75 


12.89 
12.85 


7 
6 
6 


22 15 35 12 
16 40 7 
15 43 34 


295.16 


13.60 
13.51 


7 
5 
5 
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1901 September- 


— Cont 


90° time 

d h m s 

23 15 36 3 


25L58 


Comp. 
6 


16 41 


24 


. . . 


16.72 


4 


16 46 


19 


. . . 


16.67 


4 


24 16 6 31 


190.32 




9 


15 13 30 


. 


lo.ei 


5 


16 17 


28 


• • • 


10.51 
October. 


5 


1 15 14 


35 


104.70 


, 


5 


15 20 


54 


. 


15.47 


5 


16 26 44 


. . . 


15.60 


6 


20 16 36 43 


42.11 




6 


16 41 


9 


. 


13.50 


4 


16 45 


7 


. . . 


13.09 


6 


21 13 37 


48 


325.18 




7 


13 43 


42 


. 


11.52 


6 


13 47 


33 


. . . 


11.32 


5 


22 14 7 


36 


35.14 




6 Th 


14 14 39 


... 


9.31 


6 no 


14 19 17 


. . . 


9.44 


5 


29 13 14 


22 


218.76 




6 


13 22 28 


. 


12.46 


4 


13 28 


2 


. . . 


12.59 
November. 


4 


12 16 19 


68 


68.03 




5 


16 24 


19 


... 


16..36 


4 


16 27 


36 


. . . 


16.32 


4 


18 14 44 


37 


65.43 




6 


14 49 


5 


« . . 


16.67 


4 


14 62 


9 


. . . 


16.69 


4 


19 10 57 





11.77 




6 


11 2 


29 


. 


11.20 


4 


11 6 


8 


. . . 


10.91 


4 


26 15 21 


28 


275.95 




6 


16 26 


43 


. 


16.31 


4 


16 30 


25 


• • . 


16.30 
December 


5 


10 11 27 


30 


148.65 


. 


7 


11 33 


8 


. • • 


10.90 


4 


11 36 35 


... 


11.31 


4 


11 41 


24 


148.17 


• • 


5 


15 9 42 


0* 


229.16 




6 


9 49 


6 


• . • 


1.3.9*4 


4 


9 54 


1 


. . . 


14.03 


4 


16 11 26 


4 


138.90 




6 


11 31 


18 


. . . 


12.38 


4 


11 36 36 


• . . 


12.08 


6 



The object observed, 
not the satellite. 



90° time 

d h ra B 

17 10 9 2 
10 14 51 
10 19 1 

22 8 11 13 
8 19 19 
8 24 24 



23 



29 



30 



8 40 1 

9 33 4 
9 39 48 
9 42 42 
9 47 41 

9 54 12 

9 59 37 

10 4 49 

8 17 29 
8 25 57 
8 29 25 



2 8 10 43 
8 17 39 

8 21 21 

5 9 42 50 

9 47 41 
9 51 11 

10 9 32 44 
9 38 11 
9 42 15 



12 



13 



18 



8 24 5 
8 26 54 
8 32 12 

8 2 32 
8 7 21 
8 10 49 

7 52 7 

7 55 57 
7 58 50 



24 11 41 50 
11 46 53 
11 50 44 



27 



31 



7 44 48 
7 50 46 
7 54 12 

7 32 2 
7 36 42 
7 40 30 



1901 December — Cont. 
Comp. 

88'!45 .' . 5 
. . . 16.90 5 
. . . 17.15 5 



138.63 



85.59 
84.65 



84.26 



78.59 



31.13 



12.48 
10.86 



16.86 
16.96 



4 
5 
4 
4 
6 



Satellite difficult. 
Seeing excessively 
bad. 



Question if the satel- 
lite. There was a 
fainter object 2" s.f. 
this. 



. . 6 
17.19 5 
17.10 5 



12.63 
12.92 



7 
4 
5 



1902 January, 



206.83 . . 8 

. . . 11.78 4 

. . . 12.08 4 

19.16 . . 6 

. . . 11.34 4 

. . . 11.64 4 

69.51 . . 6 

. . . 16.45 4 

. . . 16.69 4 

291.85 . . 7 

. . . 14.01 4 

. . . 14.03 4 

249.83 . . 6 

. . . 16.44 4 

. . . 16.41 4 

286.27 . . 6 

. . . 14.85 4 

. . . 14.80 4 

273.06 . . 5 

16.41 4 

. . . 16.33 4 

97.15 . . 6 Extremely difficult. 

. . . 16.04 5 

. . . 16.56 5 

233.19 . . 5 

. . . 14.44 4 

. . . 14.59 4 
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1902 February. 




Observations 


OF THE 1 


Satellite 


OF 


Neptune, 1902-1903. 


d 


S0° time 
b u a 


O 


9 


Comp 


. 




1902 August. 




2 


7 25 23 


93.12 


• • 


6 


Excessively difficult. 


00'' time 


Comp 


K 




7 32 39 




16.34 


4 




d h m B 


O 


9 








7 39 7 


.... 


16.65 


4 




26 16 7 47 
16 12 56 


183.86 


10.21 


5 

6 


Exceedingly faint, 
clouds. 


7 


7 13 16 
7 19 27 
7 23 39 


145.63 


11.53 
11.13 


6 
6 
6 




16 17 18 
1 15 22 18 


104.17 


10.25 
September 


6 

8 


Difficult. 


8 


6 49 19 


88.66 


. . 


6 




16 27 38 




15.56 


4 






6 54 55 


. . . 


16.83 


4 




16 31 26 




15.32 


4 






6 58 32 


. . . 


16.68 


4 














15 


7 6 


37.53 




6 




8 16 21 51 


54.54 


, . 


8 


Excessively difficult. 




7 6 10 
7 8 11 




13.28 
12.96 


4 
4 




16 29 56 
16 34 2 


. . . 


14.06 
14.20 


6 
5 




17 


6 42 2 


261.50 




7 




9 16 21 34 


338.97 


^ 


7 






6 49 1 




16.69 


6 




16 28 39 


. . . 


10.76 


4 






6 53 41 


. . . 


16.59 


5 




16 32 47 


. . . 


10.77 


4 




24 


6 48 50 


204.25 




7 




15 15 19 56 


329.09 




7 






6 53 57 


• > . 


li.70 


4 




16 27 44 


. 


11.18 


5 


Very faint and 




6 57 25 


. . . 


11.72 


4 




16 33 62 


. . . 


11.96 


5 


difficult; clouds. 


25 


6 44 52 
6 49 9 


120.49 


12.98 


7 
4 




16 15 12 6 


273.21 




8 


Satellite fairly well 




. . . 




15 17 43 


. 


16.09 


4 


seen; observations 




6 51 56 


. . . 


13.23 


4 




15 22 3 


. . . 


15.79 


4 


good. 








March. 






18 16 38 64 


141.42 




7 


Excessively difficult. 


17 


8 32 45 


341.65 


, , 


9 




16 47 17 


, 


11.46 


4 






8 39 34 


• • • 


10.14 


6 




16 51 62 




11.97 


4 






8 42 54 


• • • 


10.31 


5 














18 


8 19 35 
8 24 35 

8 28 24 


274.38 


15.59 
15.74 


6 
4 

4 




29 14 41 56 
14 46 67 
16 61 


126.34 


13.45 
12.96 


6 
4 
5 


Sky fogging. 


24 


7 42 45 


270.59 


. 


7 








October. 








7 48 59 


. . . 


15.81 


6 




6 15 38 6 


116.72 




6 






7 53 4 


. . . 


16.17 


6 




15 43 4 




14.20 


4 




25 


7 54 43 

8 2 40 


227.00 


14.28 


9 
4 




15 46 57 


. . . 


14.51 


5 






8 7 19 


. . . 


13.69 


6 




7 13 15 17 
13 23 12 


77.34 


16.39 


6 
4 


Satellite very faint; 
seeing excessively 








April. 






13 30 16 


. . . 


16.43 


5 


bad. 


6 
8 


7 42 4 
7 49 1 

7 54 55 


213.17 
• • • 

78.46 


12.53 


7 
5 

7 


Single distances ; 
very difficult, and 
lost in clouds. 


13 15 1 27 
16 8 60 
15 12 28 


69.44 


16.26 
16.94 


7 
4 
5 


Satellite difficult. 




8 1 
8 3 26 


. . . 


16.26 
16.21 


5 
5 




14 14 46 61 
14 64 7 


5.37 


li.38 


8 
6 


Satellite very faint. 


13 


7 51 17 
7 56 28 


119.12 


13.6*0 


6 
5 




14 59 2 


. . . 


11.06 


5 






8 6 


. . . 


13.27 


5 




27 17 5 13 
17 12 16 


273.98 


16.93 


10 
4 


Satellite very faint. 


14 


7 36 33 
7 41 46 


73.84 


16.24 


6 
4 




17 16 20 


. . . 


16.65 


4 






7 45 32 


. . . 


16.06 


4 








November. 




16 


7 45 36 


19.68 


, , 


6 




24 11 2 50 


30.54 


, 


6 


Satellite fairly well 




7 49 66 


, , . 


11.07 


4 




11 8 12 


. 


12.27 


4 


seen. 




7 53 6 


. . . 


10.78 


6 




11 11 34 


• • • 


12.03 


4 
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1902 December. 








1903 February 


— Cont. 


90« time 




Comp. 




90^ time 






Comp. 


d h m B 


O 


f 




d 


h ra 8 


o 


f 




1 14 52 9 


289.37 


. . 7 


Satellite well seen. 


16 


8 45 43 


272.99 


. . 


8 Satellite very diffi- 


14 67 15 




14.99 5 






8 54 16 


• . . 


16.13 


5 cult. 


15 1 11 


. . . 


15.02 5 






8 57 56 


. . . 


15.79 


5 


30 9 19 38 
9 27 33 


332.34 


. . 8 
11.98 4 


Excessively difficult. 


17 


8 35 29 
8 39 29 


231.00 


14.09 


9 
4 


9 34 32 


. . . 


11.73 6 






8 42 47 


. . . 


13.70 


4 










23 


8 42 21 


223.58 


. 


6 Satellite easy. 
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A cable message from Dr. Kbeutz via Harvard College 
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Observatory, received May 2, announced the discovery of a 
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y Mean Eq. 1903.0 
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The latter position is the following : 
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The daily motion of the object was 
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A later message gives the following orbit, computed 
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ON THE PHOTOGRAPHIC EFFICIE:N^CY OF A 13-INCH REFLECTOR 

OF 20-INCHES FOCUS, 

By J. M. SCHAEBERLE. 



For oertain lines of astronomical work the efficiency of 
the mirror described in this paper seems to be remarkably 
great. A brief review of the well-known theoretical and 
practical principles involved may be desirable before com- 
paring the photographic results with the data given by 
powerful existing telescopes. 

If / denotes the intensity of the image of a large celes- 
tial area as formed by a theoretically perfect lens or mirror 
having the focal-length F and diameter D, then accord- 
ing to the principles of geometrical optics we can write 



(1) 



a . 



JP2 



For a given celestial object the factor a in the above 
and following equations will be assumed to have the same 
value for all telescopes near the limit of photographic 
vision. 

If /' is to be the intensity of the same surface in a 
second telescope whose known aperture is D' = nD, then 
the required focal length F' is given by 



<2) 



F' = nF _ 



When, however, the luminous area it very small the 
above formulas become sensibly inaccurate, and finally, 
when the image is that of a fixed star, they are no longer 
even approximately true. 

Long ago Airy demonstrated mathematically that ac- 
cording to the undiUatory theory of light the diameter of 
the spurious disk of a star, as formed on the optical axis 
of a theoretically perfect telescope, varies inversely as the 
diameter of the image-forming surface. So that if, for in- 
stance, the effective diameter of the lens or mirror is 
doubled the image contracts to one-half its former diameter, 
resulting in a four-fold increase in the light-intensity. 

For fixed stars we therefore have the expression, 



<3) 



/= a 



JP2 



In order that the intensity of the same star in a second 
telescope shall be i' the value of F' must now be 



" = "*^>)p 



(4) 



Equations (1) and (3) show that the ratio of the intensi- 
ties of the same star in any two telescopes is n* times as 
great as the surface-intensity ratios in the same telescopes. 
So far as the contrast (between a star and a surface against 
which it appears projected) depends upon these ratios it 
may be said to vary with the area of the aperture ; for if 
we assume the aperture to remain constant and the focal 
length to change, both star and surface would vary accord- 
ing to the same law, so that the increase in contrast due 
to a diminution of the focal length results simply from the 
smaller scale of the image. In the former case the change 
in contrast may be said to be real, in the latter case only 
apparent. 

In visual work there are a number of serious objections 
to the plan of securing greater intensity by decreasing the 
focal length indefinitely to a certain limit. If in addition 
the image-forming surface is composed of a system of lenses, 
apparently insurmountable errors, due mainly to chro- 
matic aberration, are introduced. Nearly all of these 
objections are removed when the parabolic reflector is 
used in connection with the photographic plate, and only 
such work undertaken which deals with images near the 
optical axis. The obstacles to be overcome in the attempt 
to secure the best results on a verj/ small scale seem to be 
almost wholly of a mechanical nature. If a mirror can be 
figured with such perfection that the microscopic images 
on the photographic plate have angular diameters not much 
greater than the corresponding photographic images formed 
by a powerful telescope, then, with the aid of a microscope 
it will be possible to study certain special problems with 
even greater facility than can be done with any visual 
telescope. 

As an effort towards determining how far the power of 

(109) 
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a telescope can be increased by diminishing the scale, and 
still have the theoretical and practical advantages for cer- 
tain kinds of work outweigh the disadvantages, an extreme 
case, or rather a case believed to be extreme at the time, 
was decided on for trial. It may be of interest to give a 
brief description of the instrument. 

Two parabolic mirrors were figured. One with an aper- 
ture of 12 inches, and a focal length of 46 inches is, with a 
power of 360 diameters, used as a Newtonian guiding tele- 
scope for the second or principal mirror. This has a clear 
aperture of 13 inches, and a focal length of 20 inches. The 
tubes containing these mirrors are bolted together, and are 
carried by an equatorial mounting of the old English style. 

For focussing, a battery of three objectives of a com- 
pound microscope is placed so close to the three points of 
support of the photographic plate, that the latter, or the 
ground-glass, can just be slipped into position. A small 
rectangular prism back of the lenses throws the rays to the 
eye-piece (at the side of the tube). The magnifying power 
is somewhat greater than 400 diameters, and the diameter 
of the visual field of view is about three minutes of arc. 

As the " expense " item is a rather serious matter in a 
pciv&te undertaking of this nature, a number of deviations 
from the usual plans were made, and parts not necessary 
for securing the highest possible degree of accuracy were 
not finished. 

In long exposures a good driving-clock is almost as 
essential as a well-figured mirror, or a good focal adjust- 
ment of the photographic plate. For this purpose a simple 
governor was made for an old eight-day clock movement, 
and a few other parts added, the chief one being a care- 
fully cut J-inch steel screw two feet long, with 24 threads 
to the inch. This screw revolves once in 14 seconds, and 
thus gives a horizontal motion to a Babbitt-metal nut. 
Two thin steel bands (whose ends are fastened to the nut 
and sector-arc of 43 inches radius respectively) make the 
connection between the clock and the hour axis. A third 
band on the sector is connected with a simple arrangement 
for producing a constant pull of about two pounds (a few 
ounces will move the telescope) to keep the other two bands 
taut. The clock has simply to overcome the friction in the 
nut due to the pull of two pounds. The clock-platform is 
mounted on three wheels, and perfect slow-motion in R.A. 
is secured by a slight pull on an endless rope, which turns 
a screw, and thus moves the clock horizontally along a 
tangent to the sector-arc. The clock can be made to run 
two hours without re-winding. These parts are all out of 
the way under the observing floor. 

A small finder attached to the main tube serves its usual 
purpose well. Inclosing the whole is a cylindrical sheet- 
iron dome eight feet in diameter. The guiding star is 
always the brightest one to be found within a degree or 
two of the object to be photographed (the variations in the 



differential refraction etc. are practically insensible during 
the short time required for the exposure); the 12-inch 
mirror is tilted, and the eye-piece shifted laterally to suit 
each particular case. For more than two years I have been 
wholly occupied with these optical, mechanical and experi- 
mental efforts to increase the efficiency of the photographic 
telescope (along certain lines) without increasing its size. 

The one great difficulty which limits the power of even 
the largest telescope long before its capabilities have been 
exhausted, results from the fact that near the limit of 
vision we have to deal with a luminous area (caused pri- 
marily by reflections in our atmosphere, and in a less 
degree by reflections in space, nebulous areas and faint 
stars. Instrumental defects tend to increase the trouble). 

With a given illumination of the sky (due to any cause 
exterior to the instrument) it would seem that as soon as 
the image of this sky-background begins to show on the 
photographic plate the faintest stars which can ever be 
photographed with any telescope, under the same con- 
ditions of sky, have already made their impressions on the 
same plate, and are necessarily of greater intrinsic bright- 
ness than this background. To make these limiting im- 
pressions visible, the contrasts must be increased ; assum- 
ing the exposure and development of the plate to be the 
best possible, this can only be done, it woidd seem, by in- 
creasing the diameter of the aperture. 

Before the instrument was finished or even commenced ^ 
it seemed reasonable to admit that even if the theoretical 
requirements could be practically fulfilled, the large exist- 
ing telescopes, of darker field, might in long exposures be 
able to reveal stars several magnitudes fainter than could 
be obtained with the contemplated instrument during the 
comparatively short time a plate could be exposed to ad- 
vantage in its bright field. 

When, therefore, the remarkable fact was made apparent 
that negatives exposed for less than five minutes with the 
13-inch mirror revealed stars apparently beyond the reach 
of the 36-inch refractor of the Lick Observatory, and also 
revealed every star shown on a published photograph which 
had an exposure of two hours in the Crossley reflector 
(aperture 3 feet, focal length 17.5 feet), the result, although 
not wholly unlooked for, really exceeded expectations. 

In experiments made for the purpose of finding some 
way to lessen the drawback of a bright field, photographic 
plates, both common and orthochromatic, varying in sensi- 
tiveness from the most rapid to the slowest, were employed, 
with the expected result that slow plates give the greatest 
contrasts, but always at the expense of increased exposure- 
time. 

A serious objection to a very long exposure exists when, 
as in my case, the image of the guiding star is not made by 
the surface which forms the photographic image. In long- 
exposures the varying stresses as the instrument revolves- 
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on the hour axis may and often do cause a relative drift of 
images in the two telescopes sufficiently great to become 
sensible under high powers, thereby annulling to a certain 
extent the value of the result. The method of the sliding 
plate-holder used with so much success by Common, the 
Lick Observatory Astronomers, by Ritchie of the Yerkes 
Observatory, and others, could evidently not be advan- 
tageously employed in the present case. Mr. Roberts, 
the English astronomer, who has done so much valuable 
work in celestial photography, uses a novel but costly 
method of his own. For making his remarkable photo- 
graphs of the Milky-Way Prof. Baknabd used a small 
achromatic-guiding telescope strapped to a six-inch portrait- 
lens of about 30 inches focus, which gave a large field fairly 
well covered. The notable discoveries of Dr. Max Wolf 
are made with similarly mounted, but larger, objectives. 

The photographs taken with the 13-inch mirror referred 
to below are all made on commercial Seed plates, No. 27.^ 
A 5 X 7 plate is cut into 18 pieces, so that each plate is 
f X J inches ; the negative proper is near the center of the 
plate, and ordinarily about 0.1 or 0.2 inch in diameter, 
which can be increased to 0.5 inch if so desired. 

To determine the approximate magnitude of the faintest 
stars visible, a number of plates were exposed on certain 
regions covered by a chart which Prof. Tucker made with 
the aid of the 36-inch refractor of the Lick Observatory. 
This chart shows stars down to the 17th magnitude; it is 
printed in the Publications of the Astronomical Society of 
the Pacific, No. 37. 

In any given region of the chart following a Leonis all 
but the faintest stars are photographed with an exposure 
of one minute. In a two-minute exposure practically every 
star, within 4' or 5' of the optical axis, in any given region 
of the chart, is revealed, and near the center of the nega- 
tive new ones are usually to be detected. Before the 
development of a plate, exposed for 2", is complete, the 
background image plainly shows on the negative, so that 
under the ordinary conditions existing here* no material 
advantage is to be gained by prolonging the exposure much 
beyond 15 or 20 minutes. 

Under favorable circumstances, then, this instrument 
certainly photographs stars fainter than the 17th visual 

♦ My little private experimental observatory is surrounded by resi- 
dences, a dozen or more within a stone^s throw. The combinations 
of smoke and nearby powerful arc lights (for street illumination) 
which bum at all hours of the night when the moon is not above the 
horizon, often produce great variations in the sky-background, 
amoimting at times to several stellar magnitudes, in an otherwise 
clear sky. 

The brightness of the field of view may be slightly affected by a 
series of scratches which (when well advanced with the work after 
long and patient figuring) were made through an accident to the 
polisher of my machine. The variation in the radius of curvature is 



magnitude in less than five minutes. For determining the 
photographic magnitude of these fainter stars no general 
method, making any claim to accuracy, is known. For 
comparison with other results, the best available data seem 
to be Professor Keeler's photographs of the Rinff nebula 
in Lyra, published in the Astrophysical Journal, Vol. 10, 
p. 193. I have photographed this nebula at various times 
with the 13-inch mirror, and give here the results secured 
under the most favorable conditions. 

The nebula is just to be recognized on negatives ex- 
posed for 4*. In 8*-negatives the central star shows plainly, 
as does also the 13th magnitude (Lassell 1) close following 
the nebula. In 16'-negatives, the nebula and these two 
stars are quite conspicuous. 

In negatives exposed for 32* Lass ell's Star 3 is just to be 
recognized (this star according to Keeler is still invisible 
on his original negative exposed for two minutes in the 
3-foot reflector). Lassell's Star 2 is plainly seen, as is also 
the 10" distant companion to the central star. In 64»- 
negatives all the stars to be found on the published plate 
of Keeler's 10-minute negative can be recognized. In 
negatives of 128' exposure quite a number of stars are 
visible which do not show on Keeler's two-hour-eiposure 
plate; they are doubtless to be found on his original nega- 
tive. In a one-minute exposure the background of the sky 
is already faintly to be seen on fully developed negatives. 
In two minutes, as already stated, it is quite strongly im- 
pressed upon the plate. As the exposure time is prolonged 
the density of all objects increases, and the faintest objects 
can be recognized with greater certainty. I have prolonged 
the exposure up to 60 minutes, but nearly every star shown 
on the resulting negative can be found on plates exposed 
for less than five minutes. 

Perhaps the best illustration of the power of this com- 
paratively small instrument is the fact that it has revealed 
the true form of the Ring nebula in Lyra, This is now 
plainly shown to be a two-branched spiral which starts at 
the central star, and in a clock-wise direction leaves it on 
opposite sides near the minor axis. With a spider-line 
micrometer attached to a compound microscope magnifying 
100 diameters, I have measured the following distances 
from the central star to points where the thread-like arcs 

so rapid in this mirror, that the slightest indentation, due either to 
bubbles or scratches, causes the polisher to change the surface in the 
immediate neighborhood of every defect. I was, on this account, 
forced to discontinue the figuring somewhat before it should have 
been done. As a result, a somewhat imperfect polish and small rings 
still exist. 

The general curvature of the whole surface is very satisfactory, and 
the definition is much the best of all my past amateiu' efforts in the 
way of figuring parabolic surfaces. The 12-inch mirror has a good 
figure, and no scratches. 
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cross the major axis, beginning at the preceding end, —45'', 
-36", -28", -19", -10", +12", +21", +28", +36", +44"; 
certain of these arcs are plainly double, the mean position 
is in such cases given above. The one crossing at + 10" 
starts on the south side of the star ; the one at —12" is the 
first crossing of the north branch, etc. The distances on 
the minor axis from the central star to tangents parallel to 
the major axis, for the several individual arcs clearly to be 
distinguished, are approximately as follows : beginning on 
the north -13", -9", +2", +7", +12", +17". Those at 
—9" and +2" correspond to the innermost north and south 
tangents respectively, etc. 

From the central star outward both branches can be 
traced continuously through arcs of at least 420°, after 
which they seem to run into each other in projection, 
forming heavier rings apparently corresponding to the 
inner edge of the main nebula ; at certain other positions 
they are again farther apart, giving rise to darker areas, 
and producing the impression that two or three nearly cir- 
cular non-concentric heavy rings form the main ring. The 
scale of the whole photographic image is 

90" X 60" = 0^.009 X 0^.006 

There seems to be real nebulosity near the 13^ star and 
in the area inclosed by the two tangents from this star to 
the extreme outer boundary of the nebula. 

From the data already given, it appears that, for ex- 
posures of two minutes or less, the smaller instrument 
photographs stars in about one-fourth of the time required 
by the larger; or, at a given instant reveals stars 1.6 mag- 
nitudes fainter. According to equation (3) it should, theo- 
retically, be only 0.8 magnitude, assuming that plates of 
equal rapidity were used at both instruments. The diffi- 
culties connected with the guiding of the Crosslet telescope 
which Keeler mentions in another paper {Ap, J., Vol. XI, 
No. 5) will almost wholly account for the difference. Also 
to be considered is the fact that the best rays, amounting 
to ^^ of the total light, are cut off by the diagonal. With 
the 13-inch no trouble is experienced in keeping the guid- 
ing image at the intersection of two spider lines with a 
power of 360 diameters on the guiding telescope ; the plate 
holder stops only jj^ part of the light, and there is no 
second reflection. The difficulties of guiding should have 
less effect on the visibility of a nebula, and this is shown 
in the foregoing comparison. Keeler's negative just re- 
veals the nebula in a 30-second exposure, but I have not 
yet succeeded in photographing it in less than 4 seconds, 
while according to equation (1) it should require but 2 
seconds ; here the purer sky of Mt. Hamilton is clearly in 
evidence. 

As a result of these observations and comparisons, I am 
inclined to agree with the views expressed by Mr. Roberts, 
that stars much fainter than the 18th or 19th magnitude 



cannot be photographed with any instrument working near 
sea-level or at moderate altitudes. 

Variations in the sky-illumination for different directions 
in space, independent of those caused by our atmosphere^ 
could readily be made with a short- focus instrument of this 
kind placed in a favorable climate and 10,000 feet or so in 
altitude. By slightly changing the plate after each ex- 
posure fifty or more protected images, each a few minutea 
of arc in diameter, could be made on the same negative in 
a single night. The exposure time, the zenith distance 
(= colatitude ?) and the development being the same for 
each image, direct comparisons would be possible. In work 
of this kind it would be just as necessary to have accurate 
following as in photographing a nebula. This is plainly 
evident from an examination of some experimental nega- 
tives where the field is two or three degrees in diameter. 
The aberrational spread of the star images causes the 
appearance of a sensibly increasing density of the photo- 
graphic background with increasing distance from the 
optical axis. 

Near the center of the negative an image may have great 
density, and yet be so small that it is wholly invisible to 
the naked eye. With poor guiding, however, this would 
no longer be true, and the resulting background would not 
represent the actual brightness of the area photographed. 
For the observations of variable stars the value of the 
saving in time where very faint stars are under observa- 
tion can hardly be overestimated. 

These faint stars give disks so small that they are far 
beyond the reach of naked-eye vision; near the optical 
axis they do not, under favorable conditions, exceed 2" in 
diameter (== 0.0002 inches) in exposure up to five minutes 
or more. (I have made instantaneous exposures on c Lyra^ 
using Seed's lantern-slide plates; the resulting negatives 
show the individual components of each pair, as they are 
successively brought near to the optical axis by moving the 
telescope in declination.) At the edge of the field of view 
having a radius of, say 7', the brighter stars are consider- 
ably enlarged and elongated to the extent indicated in the 
table below. For the fainter stars, however, only that 
portion of the image which is near the vertex of the pattern 
is sufficiently strong to make a record on the plate, so that 
at a distance of 4' or 5' from the optical axis these fainter 
stars still appear quite small, though sensibly elongated. 

For preliminary examinations of the negatives, lenses 
varying from about one-half inch focus to the shortest 
focus (one-eighth inch or less) conveniently available, should 
be at hand. 

For approximate measures a simple position filar microm- 
eter attached to a compound microscope with powers vary- 
ing from 20 to 200 diameters (the higher powers for such 
objects as c Lyra mentioned above, and klso for structural 
detail in nebulas, etc.) can be most advantageously used. 
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I find that the most satisfactory illumination is afforded 
by light reflected (or transmitted) by a rough surface which 
subtends a large solid angle at the negative. 

A very effective method of examining the plates, 
especially those of short exposure, is to use a dark back- 
ground, illuminating the negative with a strong side-light ; 
by this procedure all the fainter objects become luminous, 
the negatives seems to turn into a positive. To make this 
method available, the development must be stopped almost 
immediately, after the sky-background begins to show on 
the plate. Negatives of this class are not so suitable for 
examination by the other method. 

As several photographs showing stars down to the 17th 
magnitude can be taken in 10 or 15 minutes, doubtful im- 
pressions due to defects of the plates, or to minute dust 
particles (forming false stars, or obliterating real objects) 
can be decided by comparisons between the different plates. 

The radial aberrations at the several angular distances 
from the optical axis of this instrument, as found by actual 
measurement of the images of a rather bright star, are ap- 
proximately as follows : 



Dist. from 


Radial 


Dist. from 


Radial 


Optical Axis 


Ab«rr. 


Optical Axis 


Aberr. 


7 


30 


35 


170 


14 


•70 


42 


200 


21 


100 


49 


230 


28 


130 







From which we learn that the radial aberration is about 
0.08 times the angular distance from the optical axis ; the 

Ann Arbor, 1903 May 12. 



blurring factor is therefore 1 .08. The analytical expression 
for this factor {Astr. Jour,, No. 435) is 

1 
cos V cos^ i V 

which gives, as it should, the same value. 

When delicate results are required at considerable dis- 
tances from the optical axis, such a short focussed mirror 
is of course no longer to be considered. To obtain, for in- 
stance, a photograph of the moon's terminator,* which gives 
sensibly the same definition throughout, the ratio of focal 
length to aperture must be even greater than that ordi- 
narily used in the case of the achromatic telescope. 

To illustrate, visually, the character of the preliminary 
results, I send a paper print t of a 75-fold enlargement of 
the original negative, taken 1902 Oct. 30, 128^ exposure, of 
the Ring nebula in Lrjra^ plainly showing the spiral features 
which have already been described. The spiral form was 
first recognized on negatives taken 1903 May 3. 

* Through the publication of his investigations in detail, and 
through kindly encouraging letters during his life-time to enquiring 
young astronomers, Professor Hrnry Draper probably did more 
to illustrate and bring out the practical possibilities of the parabolic 
reflector in the United States, than all other sources of information 
combined. The photographs of the moon^s whole terminator taken 
with his reflector, having a focal length ten times the aperture, were 
among the best then existing. He was well aware that decidedly 
better definition would have resulted with increasing distance from 
the moon^s center, had a greater focal length to the same aperture 
been conveniently available for this object. 

t This has been enlarged two-fold in the plate accompanying this 
number. — Ed. 



PARALLAX OF SUN FROM PHOTOGRAPH OF EROS, 

By F. p. LEAVENWORTH. 



During the winter of 1900, some fifty photographs of 
Eros were made with the lO^-inch refractor of this observa- 
tory. My x^lan was to make all exposures of one night 
upon the same plate, and with as great a range of hour- 
angle as possible. 

I have lately finished reducing the plate taken Nov. 29. 
Thirteen separate exposures were made on this plate with 
hour-angles running from —3^ to -hG**. 

The measures were first reduced to the mean of the sixth 
and seventh exposures by the formulas, 

ax -^ by -\' c -\- X = x^ 
dx + ey-^f^ y = y^ 

These in turn were reduced to right-ascension and decli- 
nation by means of the standard stars published in the 
bulletins of the astrophotographic congress. Two methods 



of reduction were employed ; in the first the refraction was 
computed and applied to the measures. This requires four 
constants of reduction. In the second method the refrac- 
tion was not applied, but determined from the plate by the 
addition of two more constants of reduction. The latter 
method is easier to work with, and in this case gives a 
parallax somewhat nearer to the accepted value. 

The thirteen right-ascensions and declinations of Eros so 
obtained were next corrected for motion of the planet by 
means of the ephemeris in Circular No. 9 of the photo- 
graphic congress. Finally, from these the observation- 
equations were formed, and the solar parallax derived by a 
least-square solution. 

The measurements were made with the Repsold measur- 
ing machine, in duplicate by Mr. Roy Ferner and myself. 
The images near the center, which include Eros, were 
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usually round and well defined. But toward the edge of 
the plate there was a decided elongation and tail. I have 
since found that images near the edge can be very much 
improved by capping down the object-glass to about nine 
inches, without greatly diminishing the distinctness of the 
fainter images. A marked constant difference, between 
Mr. Ferneb's measures and my own appears in the dis- 
torted images, but does not show in the round stars. 

The times and lengths of exposure are found in the fol- 
lowing table : 



Minneapolis 



Bar. 



Minneapolis 



No. Sid. Time Exp. Then No. Sid. Time Exp. 



1 
2 
3 
4 
5 
6 
7 



22 8 19 

22 13 34 

22 21 19 

41 34 

49 4 

1 28 34 
1 38 49 



m in. 

2 29.18 
2.5 -hl^OC 

4 
2.5 

5 
2.5 - 

6 



8 
9 
10 
11 
12 
13 



3 24 49 
3 38 34 
6 36 35 

6 41 34 

7 25 34 
7 43 11 



12 
2.5 
2.5 
2.5 
2.5 
4.5 



Bar. 
Ther. 

o 

- 2.0 



29.25 
— 2.7 



The coordinates are measured from the center of the 
plate, and are corrected for error of run and scale-error. 
In reducing them to the mean of exposures six and seven, 
the different stars were weighted according to the round- 
ness of their images. 

The coordinates of Eros resulting from this reduction 
are as follows : 



No. 

1 
2 

;j 

4 
5 
<> 



X 

+3.9712 
3.9475 
3.9055 
3.1428 
3.0993 
2.8817 

+ 2.8232 



y 

-0.1133 
0.1707 
0.2630 
1.9742 
2.0666 
2.5620 

-2.6959 



No. 
8 
9 
10 
11 
12 
13 



X 

+ 2.2331 
2.1650 
1.2981 
1.2742 
1.0903 

+ 1.0119 



y 

-4.0826 
4.2636 
6.7032 
6.7701 
7.3808 

-7.6224 



These places were next reduced to right-ascension and 
declination. Owing to a mistake in identification, two of 
the standard stars most favorably situated were not meas- 
ured. The number of reduction stars were thus reduced to 
six, and they were not symmetrical with reference to Ero9, 



The stars used were. 



Star 



301 +50 
331 51 
334 61 

338 61 

339 81 
314 +50 



26 59.882 

27 58.688 

28 33.784 

29 22.497 

30 24.334 
30 44.595 



+ 50*" 22 l'06 
51 19 13.54 
51 38 28.98 
51 39 7.70 
51 14 15.93 

+50 44 59.45 



- 8.4971 
+ 1.5515 
+ 7.2321 
+ 14.8256 
+24.3804 
+ 27.4953 



-38.6269 
+ 18.6538 
+37.9071 
+38.5047 
+ 13.5078 
-15.8812 



The reduction-equations resulting from these are, 
Aj with refraction applied : 
+0.00256 a; sec 8 — 0.001 25 y+ 0M666 + a; sec8 + «^ = a 



+0.11142 jc sees + 0.00257 2/ + 0^338 + y + 80 



= 8 



B, refraction not applied : 
+0.00255 aj sec 8 - 0.00125 y + 0M663 + x sec8 + a^ = a 
+0.11328a;8ec8 + 0.00257y + 0^340 + y + 8^ =8 



where x sec 8 is expressed in seconds of time, y in seconds 
of arc, and 



a^ = l*" 27°» 50».00 



8, = 51** 0' 37^0 



and a and 8 are the right-ascension and declination of the 
star for 1900.0. 

By means of these formulas the following right-ascensions 
and declinations of Eros were obtained : 



Exp. 


a^ 


o» 


S^ 


8< 


Motion 
a 


Motion 

a 


1 


b m a 

1 28 16.334 


16!333 


+61° 0' 33^19 


33.24 


-5.378 


-2'36!86 


2 


28 16.187 


16.186 


51 29.76 


29.79 


-5.238 


-2 32.86 


3 


28 14.928 


14.927 


61 24.20 


24.25 


-6.033 


-2 26.95 


4 


28 10.211 


10.210 


50 58 41.40 


41.44 


-1.362 


-0 39.88 


5 


28 9.942 


9.941 


60 68 36.85 


36.88 


-1.157 


-0 34.14 


6 


28 8.597 


8.696 


50 58 6.08 


6.12 


-0.132 


-0 3.92 


7 


28 8.236 


8.236 


60 57 58.04 


58.08 


+0.132 


+0 3.93 


8 


28 4.698 


4.596 


60 56 34.74 


34.77 


+ 2.863 


+ 1 26.20 


9 


28 4.179 


4.178 


50 66 23.87 


23.90 


+ 3.204 


+ 1 35.76 


10 


27 68.870 


58.867 


60 53 67.42 


67.44 


+ 7.684 


+3 62.73 


11 


27 68.724 


68.722 


60 63 63.40 


63.42 


+ 7.808 


+3 56.58 


12 


27 67.604 


57.602 


50 63 16.76 


16.78 


+8.899 


+4 30.52 


13 


1 27 67.126 


57.124 


+60 63 2.26 


2.28 


+ 9.334 


+ 4 44.13 
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The table also contains the corrections due to the motion 
of the planet in orbit. From this table the equations of 
condition were formed. The general equation is repre- 
sented by 



1^ 28™ 8-.452 + Ja - 0-.9324 a-aJ/7-a = 
50** 57'59".00 -hM- 8".80a' - a'Jn -8=0 

and the equations of condition are 



Ex- 




A 




B 


Vp 


posures 




e 




V 


1 


+ lJa +1.63 J n 


+o!l6 = 


+ o!l3 


+0'l7 = 


+o!l4 


1 


2 


1 +1.60 


-0.04 


-0.07 


-0.03 


-0.06 


1 


3 


1 +1.55 


+0.10 


+0.08 


+0.10 


+0.08 


1.3 


4 


1 +0.43 


-0.04 


-0.03 


-0.03 


-0.02 


1 


6 


1 +0.36 


+0.05 


+ 0.07 


+0.06 


+ 0.06 


1.3 


6 


1 0.00 


-0.14 


-0.11 


-0.13 


-0.11 


1 


7 


1 -0.10 


-0.09 


-0.05 


-0.07 


-0.06 


1.3 


8 


1 -1.04 


+0.30 


+0.36 


+0.32 


+0.37 


0.8 


1 9 


1 -1.15 


-0.02 


+0.05 


0.00 


+0.05 


1 


10 


1 -2.08 


-0.38 


-0.28 


-0.36 


-0.28 


0.7 


11 


1 -2.09 


-0.27 


-0.18 


-0.26 


-0.17 


1 


12 


1 -2.14 


-0.39 


-0.30 


-0.38 


-0.30 


1 


13 


1 -2.13 


+0.06 


+0.16 


+0.07 


+0.16 


1.2 


1 


1J8 -0.26 


+0.33 


+0.32 


+ 0.28 


+0.31 


1 


2 


1 -0.24 


+0.03 


+ 0.03 


-0.01 


+ 0.02 


1 


3 


1 -0.20 


+0.04 


+0.03 


0.00 


+ 0.02 


1.3 


4 


1 +0.28 


-0.07 


-0.09 


-0.10 


-0.09 


1 


5 


1 +0.30 


-0.06 


-0.08 


-0.10 


-0.08 


1.3 


6 


1 +0.32 


-0.30 


-0.32 


-0.34 


-0.33 


1 


7 


1 +0.32 


-0.13 


-0.15 


-0.17 


-0.16 


1.3 


8 


1 +0.11 


+0.06 


+0.05 


+0.03 


+0.06 


0.8 


9 


1 +0.06 


-0.06 


-0.08 


-0.10 


-0.08 


1 


10 


1 -0.97 


+0.35 


+ 0.36 


+0.34 


+ 0.38 


0.7 


11 


1 -l.OO 


+0.22 


+0.24 


+0.20 


+0.25 


1 


12 


1 -1.32 


+0.12 


+0.15 


+0.11 


+0.17 


1 


13 


1 -1.45 


-0.11 = 


-0.08 


-0.12 = 


-0.06 


1.2 



Equations 3, 5, 7, 13 have been given extra weight be- 
cause two images of the planet were obtained in each of 
these exposures, and the mean of the measures of these 
images was used. Less weight was assigned to 8 and 10 
because of imperfect images. On account of the long ex- 
posure of 8, the weight ought probably to be much less than 
it is, or the measure rejected altogether. 

Normal Equations A B 

-h 14.64 Ja+ 0.00 zi8- 3.41J/7 -0^53 = -o'37=:0 

0.00 z/a-H 14.64 J8- 3.95 z//7 +0.06 = -0.43 = 

- 3.41 z/a- 3.95 Z/8+ 36.32 Z//7 +1.26 = +1.21 = 

From which, 
University qf Minnesota, Minneapolis, 



Jn = -0.034 
Ja = +0.028 
JS = -0.013 
r = 
77 = 8.766 



±0.021 
±0.038 
±0.038 
±0.122 
±0.021 



-0.029 
+0.019 
-0.021 

8.771 



B 

±o'.021 
±0.038 
±0.038 
±0.124 
±0.021 



From the smallness of the absolute terms of the equations 
of condition, it is evident that the systematic error must 
be small. Evidently the abnormal size of 10, 11 and 12 
explains the variation of the parallax from the accepted 
value 8".80. 

I was not able to investigate the effect of the trail of the 
asteroid because the latter was too faint to be used as a 
guiding star in the following telescope. 



ON THE FUNDAMENTAL ELEMENTS OF COMPUTATION IN THEIR RELATION 

TO SYSTEMATIC STELLAR MOTION, 

By LEWIS BOSS. 



The systematic drift of stellar motions, whether it be 
due to reflected solar motion, or to other causes, is often of 
the order of the systematic errors of the observations from 



which the motions are computed. The adopted precessional 
motion may play an important part. Attention to these 
points is, therefore, of primary importance. 
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Let us consider, for example, Sir David Gill's suspected 
rotation of bright relative to fainter stars {A,N, 3800), upon 
the systematic basis, B, of the right-ascensions published 
in A,J. 531-2. Assuming that his zone-observations are 
based upon the standard right-ascensions of Auwers we 
have (for -40^ to -52^ B -Cape 1900 = -I-0-.068. If 
Gill used the time stars of the Berliner Jahrbuch as for 
Cape 90, and if JS, for the instrument remained the same, 
we should have: B —Cape 1900 = -l-0\065, nearly as 
before. 

From direct comparison with B (with 31 additional 
standards in manuscript), I find for this zone ; 

Stars J a 



B — Taylor 
B - C 1880 



69 
72 



-0.132 
-1-0.077 



We may therefore put : 
C 1900 -Tayl. = -0\200 ; C 1900-C1880 = -I-0V009 

Then Gill's comparisons would stand as in the subjoined 
statement, the numbers in the first three columns having 
been copied from Gill's article, A,N, 3800. 





Capb 1900 - 


■ Taylor. 






Stare C— T. 


8. Corr. 


C— T., corr'd 


5.8 


218 -0.188 


+0.200 


+0.012 


7.4 


472 -0.315 


+0.200 


-0.116 



6.8 
7.9 



Cape 1900 — Cape 1880. 

SUrs C— C 80 S. Corr. C— C 80, corr'd 

681 -h 0.011 -0!009 -l-o!o02 

813 -0.014 -0.009 -0.023 



We have still several elements of error to consider be- 
fore we reach the question of rotation. 

1. There is the possible error of comparison, including 
the uncertainty of the fundamental system. 

2. There is the possible effect of magnitude equation, 
which may amount to — 0*.003 (i/-3.5) — 0'.0044 (JIf— 3.5)^ 
in case we assume the equation for C 1900 the same as that 
for C 1890 (see A.J. 536). The corrected numbers for 
C 1900 — Taylor would then become : 5«.8, -I-0-.040 ; 7 ".4, 
— 0'.039. No particular stress can be laid upon this result ; 
but it illustrates actual possibilities. 

3. Small modifications may be due to the employment of 
Newcomb's precessions. 

From the proper motions computed by Auwkes for the 
zone -1-15° to -1-20°, Professor Seelioer obtains a test of 
the supposed rotation (i4.A''. 3865, p. 9). This test shows 
the rotation to be non-existent; but it leaves an average 
mean motion for all stars of about — OMO. This is reduced 
to zero, if the proper motions are reduced to conformity 



with Newcomb's precessions and the right-ascensions of 
system, B. 

I take this opportunity to refer to the very able and in- 
teresting paper of Professor Kapteyx {A.N. 3859), con- 
cerning the apex of solar motion. A problem of such ex- 
treme difficulty seems to demand in the very first line a thor- 
ough investigation of the errors to which the various series 
of star-positions are liable ; and, in the second place, the em- 
ployment of all the observations that can readily be brought 
to bear. In no other astronomical investigation do these 
requirements seem to me more indispensable. An attempt 
to apply these principles in the discussion of this problem 
for the brighter stars is in progress at Albany. The recent 
publication of a catalogue of standard stars (^.e/. 531-2) 
is a step in this work. For some time to come our chief 
anxiety will be to learn what are actually the proper 
motions. Under these circumstances I wish to dofer ex- 
tended comment on Kapteyn's paper at present, and will 
merely refer to certain points. 

1. Kapteyn's criticism {A.N., 3859, pp. 328, 352) upon 
the systematic corrections employed by me in the discus- 
sion of L. Struve's Bradley-Pulkowa values of 100/*, {A.J. 
501) is well taken. There was an oversight. The num- 
bers, as I computed them, were for the zones — 7°.5, 4-7'*.5 
and -l-22°.5, respectively, -0^86, -^.14 and -r.22. 
How the wrong numbers came to be used is a mystery for 
which I find no explanation. 

2. The determination of a systematic correction of all 
the proper motions through the discussion of the solar 
motion itself as Kapteyn has attempted it {A.N. 156, 
pp. 1-20) seems to me an inadmissible procedure. This del- 
icate element is thereby made to depend upon the mere 
fortuitous differences in the actual apical positions for the 
several restricted groups of stars. 

3. Of existing determinations of the solar apex those 
which are based upon proper motions between O'M and 1^.0 
seem to be less open to objection than the others. Those 
based on smaller motions are untrustworthy from lack of 
thorough and satisfactory treatment of the systematic er- 
rors. The very large proper motions are very possibly 
abnormal. 

4. The habit of some computers of setting the limits 
of proper motion to be employed not according to the total 
motion, but according to one standard for fi, and another 
/a', is justly criticized by Kapteyn; but I think he has ex- 
aggerated the effect in concrete instances. Taking into 
consideration the works of Bischof, Stumpe, and Porter 
(second computation) I cannot think of the declination of 
the solar apex as much less than +40°. 
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METHOD OF FORMII^G THE SYSTEM OF DECLINATIOIs^S FOR THE 
CATALOGUE OF 627 STANDARD STARS (^-J: 531-2), 

By lewis boss. 



The general principle adopted in the formation of decli- 
nations for the Catalogue of 627 Standard Stars was the 
same as for the right-ascensions. First, we endeavor to 
form a system of declinations of individual stars which 
may be accepted as sufficiently homogeneous within each 
zoiie which is to be treated as a whole for correction. The 
immediate end desired is that the positions and motions of 
all the stars within the zone shall require the same cor- 
rections, whatever these may be. Thus, the zone-corrections 
(n, Table IV) at various epochs given by the several star- 
eatalogues will be systematically correct relatively to each 
other, although these catalogues may be very far from 
having all the stars in common. This zone is now treated 
as a representative star for which the most probable cor- 
rection of its computed declination and motion is to be 
ascertained from the evidence afforded by those star-cata- 
logues which are entitled to weight as independent 
determinations. 

In this work it was assumed that the writer's Declina- 
iions of 600 Stars, B«, with its extension southward in 
Standard Stars south of —20° (ii.t/. 448-450), B., offered 
a suitable basis for correction. But in preparing B« for 
this use the declinations of 50 stars were revised by means 
of recent observations reduced to systematic conformity 
with B«. The list of stars forming the basis of operations 
then consisted of the 210 stars best determined in B« with 
the 179 stars of B. . 

Corrections of the Form JS. . 

It turned out that the system, B« , does not appear to 
require any material correction of the form JS. in order to 
make it consistent with observations published since that 
system was formed. It is scarcely necessary to exhibit 
the original values of JS^ which were adopted throughout 
the computations. As a substitute for these Table I con- 
tains the values of J8. which were computed for each cata- 
logue of observation through comparison with the adopted 
declinations of the Catalogue of G27 Standard Stars, B. In 



general these values of JS^ are in close conformity with 
those which were computed in the preliminary operations. 
For one-half of the catalogues the maximum difference be- 
tween the preliminary and adopted values of JS. does not 
rise above 0*^.02 at any hour of right-ascension. 

Table I. Adopted Values of JS.. 







sin 


cos 






sin 


cos 






1 


I 






# 


t 


Grw. 


16 


+0.07 


-0.09 


Bonn 


66 


+0.37 


-0.14 


Kbn. 


21 


-0.27 


+0.05 


Leips. 


67 


+0.02 


-0.01 


Dpt. 


24 


+0.15 


-0.02 


Leid. 


67 


-0.02 


-0.02 


i-bo. 


29 


+0.26 


-0.12 


Melb. 


68 


+0.01 


-0.11 


Grw. 


30 


+ 0.16 


+0.08 


Pulk. 


69 


0.00 


+ 0.04 


St.H. 


32 


-0.08 


+0.60 


Grw. 


72 


-0.01 


0.00 


Cape 


33 


-0.06 


-0.16 


Madr. 


76 


+0.32 


+0.17 


Camb. 


34 


+0.04 


-0.19 


Harv. 


75 


0.00 


0.00 


Cape 


37 


-0.02 


+ 0.01 


Pulk. 


76 


+ 0.03 


+0.06 


Grw. 


38 


-0.06 


-0.17 


Cord. 


76 


-0.07 


0.00 


Kadcl. 


46 


-0.08 


+0.06 


Paris 


76 


+ 0.26 


-0.13 


Grw. 


46 


+0.02 


-0.06 


Cape 


76* 


0.00 


-0.06 


Paris 


46 


-0.03 


-0.07 


Melb. 


77 


-0.06 


-0.07 


Pulk. 


47 


-0.03 


+0.07 


Washn 


.77 


+0.03 


-0.02 


Stgo. 


61 


+0.20 


-0.21 


Cape 


83 


-0.04 


+0.12 


Cape 


61 


-0.18 


-0.03 


Pulk. 


84 


-0.02 


+0.02 


Grw. 


61 


-0.03 


-0.07 


Eadcl. 


86 


+0.12 


+0.07 


Pulk. 


66 


+0.02 


+ 0.03 


Str. 


. 86 


-0.01 


+0.03 


Washn. 66 


-0.12 


-0.07 


Cape 


89 


-0.01 


-0.06 


Grw. 


67 


+0.06 


+0.01 


Berl. 


90 


-0.02 


+0.06 


Aadcl. 


57 


-0.10 


+0.08 


Mun. 


92 


-0.01 


+0.01 


Cape 


69 


+0.11 


+0.03 


Grw. 


94 


+ 0.03 


0.00 


Paris 


60 


+ 0.14 


-0.08 


Mt.H. 


96 


+0.06 


+0.06 


Grw. 


64 


-0.02 


+0.04 


W.-Ott.97 


+ 0.23 


+0.07 


Brass. 


65 


+0.08 


-0.06 


Alb. 


98 


-0.04 


-0.06 


Cape 


66 


0.00 


-0.02 











Madr. 36 —.07 sin a -.22 cos a +.00 sin 2a +.14 cos 2a 
Melb. 62 +.06 -.32 +.11 +.23 

Grw. 82 +.04 +.08 -.07 -.02 

Madn. 90 +.11 -.21 +.10 .00 



♦ For stars north of —20*^ only. Zone corrections for stars further 
sonth. 
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In dealing with the individual star-declinations in this 
investigation, the work was performed as a continuation 
of the manuscript computations for B« which have been 
preserved. It became simply necessary to add the results 
of later observations to the " star-sheets " prepared for B, , 
and then to proceed to the revision by the zone-method as 
already described in connection with the right-ascensions. 
In the original work, and consequently in this, some of the 
older series of declinations were first corrected for terms 
of the form, z/S., required in order to correct for difference 
from the Strxjve-Petebs values of nutation, precession, 
etc., adopted in the construction of the several catalogues. 
For example, corrections on account of nutation, etc., were 
first applied to the declinations of Kdnigsberg 21 (Dollen's 
reduction, Recueil de Mem,, Obs. Cent, de Russie), Abo 29, 
and Cape 33, before employing them in the operations for 
deduction of the normal system. These corrections were : 

^bnigsberg 21, —0.24 sin a —0.03 cos a 
Abo 29, 4-0.24 -0.04 

Cape 33, —0.01 —0.07 

The additional corrections, z/S. , apparently necessary in 
order to reduce the respective catalogues to the system, B, 
are: 

Kdnigsberg 21, 
Abo 29, 

Cape 33, 

The combination of these two sets of corrections makes 
up the respective values of z/S. given in Table I. Similar 
remarks apply to several other of the earlier catalogues, 
for which the details are given in B,. 

In computing z/S. the observations were divided into 
zones : 4-80** to 4-40** ; 4-39** to -21** ; and -22** to -70**. 
Usually the values of z/S. from the separate years, for a 
given catalogue, were sufficiently consistent. The following 
notable differences were found, however : 



—0.03 sin a 4-0.08 cos a 
4-0.01 -0.08 

-0.06 -0.09 



Zone 



sin 



cos 



St. Helena 


32, 

34, 

i66, 

68, 
75, 


+39 to -21 
-22 to -70 


+ .06 
-.23 


+ .61 

+ .50 


Cambridge 


+ 80 to +40 
+39 to -21 


-.32 
+ .17 


-.21 
-.19 


Washington 


+80 to +40 
+39 to -21 
-22 to -42 


-.27 
-.14 

+.17 


-.10 
-.07 
-.02 


Melbourne 


+39 to -21 
-22 to -70 


+.05 
-.02 


-.02 
-.20 


Madras 


+80 to +40 
+39 to -21 
-22 to -60 


+.56 
+ .32 
+.21 


+.19 
+.10 
+ .33 



It would scarcely be advisable, however, to take these 
differences into account, since they do not, in general, much 



exceed the limit of uncertainty admissible according to the 
theory of probable error. It is proposed, however, to put 
z/S. = for declinations south of —20** in Yakn all's 
Washington Catalogue for 1860. 

In the instances where terms in 2a have been introduced) 
it is for the reason that terms of single period give an un- 
satisfactory representation of the residuals. With the 
term of double period taken into account the representation 
of the observed residuals for Greenwich 82 is very good. 
A like term (—0^04 sin 2a) is indicated for Greenwich 94, 
but the improvement in representation of the residuals is 
not marked, and the term is not adopted. 

Effect of Vabiation of Latitude. 
In founding the system as to z/3. no special account has 
been taken of the effect of variation of latitude upon the 
observed declinations. In the time which could be allotted 
to the present discussion, it did not seem practicable to in- 
vestigate the correction required on that account, since to 
accomplish this in a precise form would have required as 
much labor as for all the other operations put together. 
Certain items of testimony on this point are, however, 
readily available. Some of the older catalogues, like those 
of Kon. 21, Dpt. 24, Abo 29, and Cape 33, were based upon 
polar points ascertained from the observation of close cir- 
cumpolar stars, or of zenithal stars referred to an arbitrary 
zero. These are technically free from the effect of varia- 
tion of latitude. Dr. Chandler's discussion of Pond's 
observations with two mural circles has resulted in decli- 
nations which are freed from the effects of latitude-varia- 
tion by a most exhaustive discussion which seems to leave 
nothing to be desired (A.J. XVI, p. 3). Dr. CHANDLsahas 
also computed the corrections which are required in order 
to free the Pulkowa vertical circle observations, of mean 
date 1869, from this effect (A.J. 402). Dr. NYBfor com- 
puted and applied this effect for the vertical circle obser- 
vations of 1885 ; but Dr. Chandler points out that the 
annual term was neglected. Grossman (Abh. Kon. Sdeh*. 
Ges. d. Wis8., Vol. XXVII, p. 206) states that he applied in 
his reductions corrections for variation of latitude after 
Albrkcht's researches. To these I have added another 
from the following combination, derived from Table I. 

Corrections of B Having the Form z/fi.. 



Greenwich 



64, 
72, 
82, 

Mean 
Washington 77, 

W. Long. 38** 31' 
Melb.68and77,) 
W.Long. 215** 1'; 

Mean oorr. of B, 



-1-0.02 sina —0.04 cosa 
-hO.Ol 0.00 

-0.04 -0.08 



0.00 
-0.03 



-0.04 
-1-0.02 



-0.02 
4-0.02 



-0.01 
4-0.09 



0.00 sina 4-0.04 cosa 



Digitized by 



Google 



N»* 640-641 



THE ASTBONOMICAL JOUENAL. 



119 



-0.16 


+0.02 


-0.01 


+0.08 


-0.04 


+0.07 


+ 0.05 


+0.09 


-0.08 


0.00 


0.00 


+0.04 


+0.02) 


(-0.02) 


-0.23 


-0.07 



Beversing the signs of formulas A, and of J8., for 
Pulkowa 84 and W.-Ott. 97 in Table I, and adding Chand- 
lbr's corrections to Pulkowa 69, we have the following 
list of corrections to B on account of variation of latitude* 

Observed Corrections of B, of the Form ^8.. 

Konigsberg 21 +0.03 sin a —0.08 cos a 

Dorpat 24 

Abo 29 

Greenw'h (Ch.) 29 

Cape 33 

Pulkowa 69 

Combination 74 

Pulkowa 84 

Wien-Ottakring97 —0.23 

From various considerations the first and last values 
appear to be entitled to small weight. Those from Green- 
wich 29 and Pulkowa 69 are the only ones which depend 
on a thorough investigation that takes into account the 
annual term of latitude variation, — the only term which 
cap have introduced a serious uncertainty in B as to terms 
in zl8. . If this annual term tends to have a constant value 
throughout the period of observation, then it is probable 
that the proper motions of B are virtually free from any 
sensible inequality of the form M^. This is the particular 
end desired by the writer in this investigation. 

Several circumstances conspire to eliminate a part of the 
annual term in the observed declinations ; so that the full 
effect of that term may not have appeared in B. Some of 
the older observations depend upon zenithal, or polar, 
points derived from observation of stars. Difference of 
longitude of the observatories tends to diminish the resul- 
tant effect. In many observatories the observation of 
brighter stars is extended over long periods of time ; and 
when obseryations are made at all hours of the night, as at 
some of the principal observatories, the resultant effect of 
the annual term would be somewhat diminished. 

When all the elements which conspire to produce errors 
of the form, M^ , are considered, one can scarcely fail to be 
surprised at the very small discordances of this form that 
appear in the catalogues of large weight. * For a consider- 
able percentage of those catalogues M^ is comparable with 
the probable error of its determination through comparison 
with B. 

Corrections of the Form, J3«. 
In proceeding to obtain a normal system which may be 
considered to give the most probable representation of the 
testimony of observation, we must employ in the first in- 
stance only those catalogues which are supposed to give 
independent declinations. Since the astronomical refrac- 
tion plays such an important part in the determination of 
the zenith-distances of stars, a series of observed declina- 
tions can scarcely be regarded as independent unless it can 



be shown that the adopted latitude and refraction constant 
are consistent with the results of extensive and sufficient 
observations of circumpolar stars. The strict application 
of this criterion would reduce the series of independent 
declinations to a comparatively small number. But the 
method of comparing catalogues resulting from nearly con- 
temporaneous observations in the two hemispheres appears 
to offer a legitimate means for increasing the number of 
virtually independent determinations. This method of 
deducing conclusions as to the most probable value of the 
refraction constant for each of the sets of observations 
compared has been recognized ever since the time when 
accurate observations were first made in the Southern 
hemisphere. If we put 

p'. = the mean adopted refraction at the pole for 

the northern observatory, 
p\ = the same for the southern observatory, 
p^ and p« =s the respective adopted mean refractions for a 
star common to the two catalogues — con- 
.sidered positive north of the zenith, 
k^ and k, = 100 times the factors by which the adopted 
refractions should be multiplied in order to 
find their corrections, 

then each comparison between the observed declinations at 
a northern and southern observatory, respectively, furnishes 
an equation of the form, 



100 



K- 



P.-P 



100 



-A:. = S.-S. 



This equation affords a sufficient approximation only 
when the values of k are relatively small ; and it assumes 
that the true polar point has been already found in the 
reductions for the catalogue. It is also implied that the 
error of the adopted inlstrumental corrections may be neg- 
lected. In general, for the better class of catalogues, it 
may be assumed that the polar point has been well de- 
termined, in the sense that the observed declinations aboye 
and below the pole, in its vicinity, are the same ; and that 
this has been established by an adequate number of obser- 
vations. As to the instrumental corrections, it may be said 
that no determination of them can be regarded as free from 
sensible error. Errors depending on sins, however, are 
partly taken up in k, resulting, perhaps, in a spurious 
value of that quantity, but in a value which best represents 
the error of the catalogue for moderate zenith-distances. 
Errors of the form, cos z, are not apt to be of serious con- 
sequence in these comparisons. For instance, in the case 
of Greenwich this error is zero at declination -1-13*, while, 
at the Cape, the length of the arc between +22'* and the 
south pole is independent of the term in cos z. As in all 
other classes of meridian-observation for star-declinations, 
the error of graduation remains as a very uncertain ele- 
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ment ; and for immunity from the ill effects of this uncer- 
tainty we should endeavor to bring to bear upon this 
problem the results from many different instruments. 

Therefore, before forming the first set of zone-equations, 
several northern and southern catalogues, not otherwise 
absolutely independent, were compared for the determina- 
tion of k. Omitting the voluminous details the results for 
k are exhibited in Table II. 

Table II. Refraction Factors from Catalogue 

Comparisons. 

k 

Greenwich 30 —0.140 -hRedn. to Bessel's refr. 

St. Helena 32 —0.190 -f Redn. to Bessel's refr. 

Cambridge 34 +0.642 
Cape 33 -0.193 



Greenwich 42 
Cape 37 



+0.068 
-0.231 



Greenwich 67 -0.035 
Cape 59 -0.205 

Greenwich 64 —0.167 

Melbourne 68(8.) -0.257 

(N.) -0.257 

Washington 77 —0.125 

Cordoba 76 -0.412 

Melbourne 77 (S.) -0.207 

(N.) -0.207 



+0.542 p 



+0.542 p 



82 
83 



Greenwich 
Cape 

Greenwich 94 
Cape 89 



-0.217 > 
-0.218 J 

-0.108 
-0.014 



Gill's comparison, I 



In making the comparison of Greenwich 30 (Pond) with 
St. Helena 32, the zonal means for Pond's declinations 
were first revised to bring them into substantial conformity 
with the results derived from Chandler's reduction of 
Pond's reciprocal observations with two mural circles 
(A J. XYI, 3). There are 33 stars in common with B. 
We have : 

Pond (Ch.) - B. 



8 


** 


-J& 


+66.4 


7 


+0.06 


+40.6 


4 


+0.22 


+25.6 


8 


+0.09 


+ 11.4 


12 


+0.20 



The range over which these determinations extend is not 
sufficient for a good determination of k through comparison 
with a southern catalogue. Chandler shows by means of 
Pond's observations of four circumpolar stars culminating 
at a low altitude that Bessel's refractions employed in the 
reductions produce consistent results {A,J. XIV, 4). 

It seems to me that the extension of Dr. Chandler's 
reduction of Pond's declinations to include all of the 
zenith-distanees observed by Pond (1825-1835) would be 



a work surpassing in importance any other of this nature 
which could be undertaken. Washington 77 was compared 
both with Cordoba 76 and Melbourne 77, and the results 
were so adjusted as to produce what was regarded as the 
best practicable reconciliation of the three catalogues. 
Some such combination as this was necessary in the case of 
the Cordoba observations, which were not carried much be> 
yond 60® north of the zenith. 

It should be remembered that the corrections, A;, are ap- 
plicable to the refractions employed in the reductions of 
the respective catalogues ; so that for the Melbourne cata- 
logue for 1870 we are to employ as the corrected refraction 
on both sides of the zenith, Bessel'b X 0.9937 ; and for 
Melb. 80, Bessel's X 0.9942. Likewise for Cape 89, where 
Pulkowa refractions were- employed in the reductions, we 
have as the corrected refraction, approximately, Bessel's 
X 0.9972. The general result indicated in Table II is in 
favor of refractions virtually equivalent to those of the 
Pulkowa tables. In the mean, it appears that the Green- 
wich observations are best satisfied by the refraction, 
Bessel's X 0.9987. 

The instrumental corrections required by the Greenwich 
and Cape transit circles have been investigated very thor- 
oughly. This is especially true as to errors of graduation. 
Consequently the values of k derived from the mutual com- 
parisons of this series of observations appear to deserve 
great confidence. So much cannot be said for the other 
comparisons embraced in Table II ; so that, for these, the 
quantities k, in each individual case ought not to be attrib- 
uted to refraction alone. However, we may still hope that, 
in the mean, this process has resulted in the elimination of 
the larger part of the errors due to the employment of im* 
perfect refractions in the reductions; and that, large as 
they are, there will also be a tendency toward the elimi- 
nation of uncorrected instrumental errors. Accordingly 
the catalogues of Table II, as corrected, together with 
Kon. 21, Dpt. 24, Abo 29, Pulk. 47, Paris (Laugieb) 53,. 
Leiden 67, Pulk. 69, Pulk. 84, and Strassb. 86, have been 
employed in deducing the fundamental system. The cir- 
cumpolar observations of Laugibr do not indicate any 
material correction of the adopted refraction (Caillet's) 
so that this series can be regarded as fairly independent. 
A similar conclusion applies to the declinations of Strass- 
burg %Q, where the circumpolar observations are quite well 
satisfied by the adoption of Bessel's refractions. 

Bauschinoer's declinations (Munich 92), though inde- 
pendent, contain few stars outside the circumpolar region, 
and these are not well distributed for our purpose ; so that 
no use is made of this series in the operations for estab- 
lishing the system. 

Grossmann's observations at Wien-Ottakring, 1897, con- 
tain a large number of observations of circumpolar stars,, 
and were given weight as independent determinations from 
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zone +40*" northward. A somewhat oareful analysis of 
the declinations leads to the sospicion that anomalies exist 
in this series of observations which will receive attention 
further on. 

The method of forming the zone-equations from which 
the observed systematic corrections of B« were ascertained 
for each zone of 5® need not be presented here. In place 
of this the process is illustrated in Table IV of the present 
paper; which is intended for an independent test of B. 
Here the zones are 15^ instead of 5^ in width; but the 
method of computation is the same. Following the columns 
in which the catalogues with their estimated mean dates of 
observation are given, the estimated weight of each in the 
fundamental sense appears under the designation, p'^. 
Then, under n, in each zone, is given the mean correction 
of B indicated by each catalogue of observation, with the 
weight, Pf which represents the precision of n when cor- 
rected for supposed systematic error. The unit of p is 
supposed to have a probable error of ± O'.l. The residuals, 
n, corrected for the effect of adopted k (Table II) are 
entered under the caption n'. These represent the means 
for correcting the system, B, in order to arrive at an abso- 
lute normal system, based upon the best testimony readily 
available for that purpose. This is accomplished by means 
of zone-equations of the form. 



Ji. 



-h TJ^^, 



T having been reckoned in units of a century from 1875. 
The weights have been taken from the column headed, j?'^, 
as already explained, but they have been modified in a few 
instances when p is very small, and in all cases where the 
zenith-distance of the stars, upon which the n of a given 
observatory is based, is greater than 65®. The weight be- 
comes zero when the zenith-distance is greater than 75°. 
For the corrected catalogues enumerated in Table II, how- 
ever, the modification of weight for zenith-distance was not 
so marked as for the others. The results for the solution 
of the zone-equations are given under the heading, « Funda- 
mental Solution," in Table V. It will be seen that this 
first approximation does not indicate any material correc- 
tion of the adopted normal system, B. This fact, however, 
has no special significance, or advantage over the original 
solution, except to show that B« , as prepared for a basis to 
be corrected, was sufficiently precise and homogeneous for 
the purpose ; and to demonstrate, furthermore, that in the 
subsequent operations the system as established by the 
original zone-equations has been preserved with fidelity. 
With comparatively few numerical errors in the subsequent 
operations, and especially with want of attention in draw- 
ing the curves for JSg, this might not have been the case. 

Table V exhibits, after the values of JB, and 100 Jfi'g , 
their respective probable errors, as computed from the 
equations. Whether these are really valid depends upon 



the correctness of the relative weights employed. There 
appears to be no mathematical method of arriving at a 
decision upon this point. If these probable errors may be 
regarded as fair approximations to the truth, then it may 
be said, in general, that the probable systematic error of 
the declinations for 1900, in the zone, -1-25** to —15% is 
about ± 0''.07, and of 100 Jfi'^ , ± 0^.19. Further north the 
uncertainty is less, and further south it is greater. After 
the final operations to be described, the nature of the sys- 
tematic error in B, which may be revealed in the future, 
should be such that its variation from one zone of 5° to an 
adjacent zone shall be very small. The probable errors 
attached to the results of fundamental solutions in Table V 
are largely interdependent from one zone to another ; so 
that, for instance, if a comparatively large correction should 
be found for zone, 4*1% then the true corrections for 4:15® 
and —15* would probably have the same sign as at -HI®. 

Secondary Beviiion of the System. 

It may be said that the fundamental equations, in a 
general way, have established the position of the equator 
among the stars. It now remains to investigate the gradu- 
ation of the sky intermediate between this equator and the 
poles with the aid of further evidence of observation avail- 
able for the purpose. 

There are many series of observed declinations which 
cannot be regarded as offering independent determinations, 
for which, nevertheless, the instrumental corrections for 
errors of graduation, flexure, etc., have been carefully in- 
vestigated, but for which an independent determination of 
refraction is wanting. For some of these series the zenith- 
points were determined through assumed declinations of 
jbhe stars. If this has been done, as at Mt. Hamilton, by 
means of a restricted zone of stars, or even as at Paris 
through a less restricted choice that is calculated to yield 
consistent zenith-points throughout the year, then the 
testimony of such observations may be of value in smooth- 
ing out sinuosities of systematic error in the observed cor- 
rections of B« and B« due to resultant graduation errors 
affecting the comparatively few catalogues upon the testi- 
mony of which the absolute normal system has been 
founded. Accordingly all the catalogues deemed suitable 
for the purpose were compared with the system, B', which 
has resulted from the operation just described. It was 
assumed that the systematic errors of the catalogues could 
usually be represented by a correction of the form, 



Jqt -^ a sinz + b Qoa z -{- k -rjrrr 



P-P' 



When Jq) is omitted the last term was taken as k . .^ . 

J(p is not necessarily the true correction of the latitude i 
it simply represents a constant correction of the declina- 
tions. Only in the case of Cape 33 was an attempt made 
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to determine h. With the ordinary arrangement of obser- 
vations, as to z.d.| it is seldom possible to secure adequate 
discrimination between a and k. It is, therefore, impos- 
sible to attach much importance to either as standing 
purely for that which it is supposed to represent. The 
advantage of the formulas in representing the systematic 
corrections, as a whole, is not seriously impaired. Table III 
contains the result of the investigation for formulated sys- 
tematic correction of each of the catalogues employed in 
the secondary revision of B'. 



Table III. 


FOBM^ULATED SYSTEMATIC CORRECTIONS. 






J^ 


a 


k 


Greenwich 


15 


-o!54 


-0.48 


• • 


Konigsberg 


21 


• • 


+0.05 


• • 


Dorpat 


24 


• • 


, , 


+ 0.476 


Abo 


29 


, , 


-0.16 


+0.230 


Greenwich 


30 


-0.07 


-0.38 


+0.313 J«B°S:i;,Il-?,':"'' 


St. Helena 


32 


-0.65 


, , 


-0.130 tps^;^,^^^': 


(3ape 


33 


-0.49 


+0.73 


-0.474 Jgj«.<B'i. 


Cambridge 


34 


-0.29 


-0.04 


+0.30 


Cape 


37 


, . 


+ 1.48 


—0.094 '"^.RP"** +»• «« 


Greenwich 


38 


• • 


-0.04 


-0.261 


Greenwich 


45 


+0.05 


• • 


+0.031 


Fiilkowa 


45 


, , 


+0.32 


, , 


Santiago 


51 


, , 


+0.70 


-0.150 . 


Greenwich 


51 


-0.04 


. • 


+0.016 


Paris 


53 


+0.13 


-0.56 


0.00 


Washington 


6^ 


+0.19 


-0.61 


-0.400 


Greenwich 


57 


+0.21 


-0.17 


-0.057 


Cape 


59 


, « 


• • 


-0.126 


Paris 


60 


-0.05 


-0.75 


-0.567 


Melbourne 


62 


, ^ 


+0.07 


-0.400 


Greenwich 


64 


, , 


, , 


-0.084 


Cape 


65 


, , 


, , 


-0.068 


Leiden 


67 


• • 


-0.14 


, , 


Melbourne 


68 


, , 


• • 


—0.346 Jg^"- *> *"'* 


Pulkowa 


69 


, , 


+0.10 


-0.162 


Greenwich 


72 


^ ^ 


• . 


+0.493 -«".W(iln».'-«n>.) 


Harvard 


75 


, , 


, , 


-0.202 


Cordoba 


76 


, , 


, , 


-0.389 • 


Paris 


76 


-0.21 


-0.46 


-0.376 


Cape 


76 


, , 


, , 


-0.109 


Melbourne 


77 


, , 


, , 


—0.426 +^- to South 


Washington 


77 


-0.10 


-0.81 


-0.668 "'■ 


Greenwich 


82 


, , 


-0.06 


-0.246 


Cape 


83 


, , 


, 


-0.221 


Pulkowa 


84 


, , 


+0.18 


+0.055 


Radcliffe 


85 


-0.42 


-0.90 


-0.431 


Strassburg 


86 


, , 


• . 


+0.005 


Cape 


89 


, , 


. . 


-0.030 


Madison 


90 


• • 


. . 


-0.190 


Greenwich 


94 


• • 


-0.25 


-0.304 


Mt. Hamilton 95 


, , 


, , 


-0.111 


Wien-Ottakr. 


97 


-0.37 


^0.81 


-0.250 


Albany 


98 


. • 


. . 


• • 



In the majority, of instances the formulas of correction 
for the several catalogues do not appear to require special 
comment. The application of these corrections to the cor- 



responding values of n (Table lY) results in the values of 
nfj final corrections to B given by each catalogue of obser- 
vation. Inspection of the values of n" for most of the 
better catalogues indicates that the formulas, in general, 
represent the discordances from B remarkably well. This 
must be regarded as very satisfactory for at least two 
reasons. 

1. This could scarcely have been the case with so many 
catalogues, derived from observations in the two hemi- 
spheres, unless the final system, B, is a very fair approxi- 
mation to a true normal system. 

2. The mystery of systematic errors is very largely 
removed by this showing of the sources from which the 
greater part of them may have arisen. 

In many instances, however, if we compute k from the 
normal equations, assuming values of a materially different 
from those contained in Table III, we shall still find that 
the combined systematic correction down to p.d., 100% re- 
mains substantially unchanged. We should not, therefore, 
attach too much significance, in those cases, to the relative 
distribution of the correction between a and k. Some 
remarks upon individual catalogues may be of service. 

Cape 33. This will receive attention later, in connection 
with the extension of the system southward. 

Cape 37. The sine term, a, seems to apply only between 
+ 3** and —72® of declination, and to be due to the peculiar 
treatment of observations by reflection. This catalogue is 
in need of revision. 

Melb, 68 and 11, See previous remarks in regard to 
these catalogues. 

Greenwich 72. The formula for flexure adopted in the 
reductions for this series was a sin z cos* «. If we as- 
sume that the formula should have been a sin Zy and put 
a = — 0^^.60 the resulting corrections to the declinations 
should be, 

— 0''.60 (sin*«' — sin*«), 

z' representing the zenith-distance of the pole. 

Wien-Ottakr ing. The formula for this series was -de- 
rived from a very careful discussion in which the decli- 
nations below pole were treated separately from those above. 
The value of a, as distinguished from A:, is entitled to a 
fair degree of confidence. That the flexure adopted by 
Grossmann in the reduction of this series can be in error 
so much as 0^.81 seems scarcely credible. Yet, if the 
flexure determined by Herz for the same instrument (as 
quoted by Grossmann, p. 52) had been adopted we should 
have had as the correction of Grossmaxn's present decli- 
nation, — 0".58(8in«' — sin«), and the discordance from B 
would have been reduced to a small quantity, so far as this 
term is concerned. Somewhere between -h 30° and +45° 
there seems to be a very large alteration in the systematic 
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corrections required in order to bring Gro88Mank*8 decli- 
nations into harmony with B. The adopted correction at 
+60*^ is -0^03, and at +25,** -r.Ol ; at -45% -0M9, 
and H-30*, — 0^85. Between declinations, +31*^ 47' and 
+44* 52', Grossmann has only one star, so that it is im- 
possible to analyze the nature of this comparatively abrupt 
alteration in the difference, B—W.-Ott. The combined 
testimony of all the recent catalogues is wholly against the 
hypothesis that there exists a material anomaly in B in 
this vicinity. If the discordance should be attributed to 
some defect in the Vienna observations, or in the reduction 
of them, the most natural source of suspicion would seem 
to be as to the adopted division correction, though the 
hypothesis of some looseness in the fastening of the objec- 
tive, or ocular, may not be wholly excluded. 

With the formulated systematic corrections contained in 
Table III, the zone-equations were revised and solved anew. 
The results for each zone are contained in the table for 
B— B, (A.J. 531, p. 21). By way of illustration, and in 
order, at the same time, to test the system, B, the process 
is here repeated. The necessary data are exhibited in 
Table IV. n" represents the corrections to B which would 
have been found if the declinations of the individual cata- 
logues had been first corrected for the effect of the formulas 
in Table III. Following the values of n*^ in each column 
are the weights, p*^, which were adopted in the solution of 
the zone-equations. These are compounded of the weights, 
p, which are due to the casual error of n, and of a certain 
maximum weight, p*^^ (Table IV), assigned to each cata- 
logue from an estimate of the probable outstanding errors 
due to the unavoidable imperfection of the formulas of 
correction (especially because they do not take account 
of errors of graduation). The general aim was that the 
unit of weight should correspond to a probable error of 
±(f.l. This probable error turned out to be ±0^.08, in 
the mean, so that the weights, p"^, were too small on the 
whole. 

The results of the solution of these zone-equations are 
given under the head of *' Secondary Solution " in Table V. 

It will be noted that the formulas in Table III are 
based, not upon B^ but upon B, and B,. The results in 
Table V indicate, therefore, that nothing can be gained by 
further approximations under the principles adopted. We 
must either await further observations, or adopt radical 
improvements of method, before a further gain in syste- 
matic accuracy can be anticipated. The questions, what 
authorities afford independent evidence upon the true sys- 
tem of star-declinations, and what relative weights should 
be assigned to them, are matters of individual judgment 
upon which the most competent critics will differ. But 
this difference of judgment must be somewhat radical 
before any very material modifications of the present re- 
sults can be obtained. 





Table V. 


Results fbom Zone-Equations 


. 




Fundamental Solution. 






Zone. 


HeuiEp. 


J& 1875 


p.e. 


100 Jfi', 


p.c. 


+78° 


1865 


-0.017 


±0.014 


-o!oi 


±0.06 


60 


1865 


-0.030 


.027 


-0.04 


.12 


45 


1865 


-0.021 


.034 


-0.06 


.15 


29 


1866 


-0.038 


,037 


-0.06 


.18 


15 


1866 


-0.029 


.037 


-0.19 


.17 


+ 1 


1867 


-0.025 


.039 


-0.19 


.19 


-16 


1867 


+0.011 


.046 


+0.02 


.23 


-30 


1872 


+0.064 


±0.071 


+0.44 


±0.46 






Skcondabt Solution. 






+78 


1866 


+ o!oi7 


±0.013 


-0.01 


±0.056 


60 


1864 


+0.016 


.014 


+0.01 


.058 


46 


1866 


+ 0.015 


.012 


+0.02 


.054 


29 


1868 


+0.007 


.010 


+0.03 


.046 


15 


1868 


-0.002 


.012 


-0.02 


.054 


+ 1 


1868 


+0.002 


.010 


-0.06 


.049 


-15 


1869 


-0.003 


.008 


+0.03 


.040 


30 


1877 


+ 0.005 


.024 


-0.13 


.141 


46 


1872 


• -0.003 


.032 


+0.14 


.193 


60 


1872 


-0.023 


.031 


+0.06 


.189 


-81 


1873 


-0.053 


±0.029 


+0.07 


±0.190 



Extension of System to the Southern Hemisphere. 

Owing to the scarcity of reliable determinations of 
declination from observations of the Southern hemisphere 
during the first half of the nineteenth century, the attempt 
to secure systematic accuracy in the proper-motions of 
the far Southern stars is one of very great difficulty. 
Previous to the first observations made with the Cape 
Transit circle, there were no measurements of star-declina- 
tion at observatories in the Southern hemisphere which 
appear to be entitled to weight as absolutely independent 
determinations. Hbndebson's work at the Cape is of the 
first quality, so far as the skill and judgment of the ob- 
server is concerned, but his observations cover only one 
year, and he was handicapped by the remarkable defects of 
the Jones mural circle. Nevertheless, his observations 
appeared to offer the only practicable hope for deriving 
important independent evidence as to Southern declina- 
tions previous to 1860. The best plan of procedure seemed 
to be in accepting the system B as absolute for stars as far 
southward as —24^, and to employ these with other means 
in an attempt to determine the instrumental errors of the 
Jones circle. The solution of the zone observations was 
carried out definitively, in the first instance, only to —24®. 
Subsequently, and after first approximate correction of 
Cape 33, the zone-corrections at —30** and —34** were 
ascertained with close approximation to the final result. 
In connection witli other corrections an attempt was made 
to determine the systematic errors of graduation. For this 
purpose the mean correction for the arc, 32®.6 to 37®.6, was 
called C,; that of 57^5 to 62^5, C«j 27^6 to 32^6, Cj,, 
etc. Circle readings increase toward the north, and north 



Digitized by 



Google 



124 



THE ASTBOJfOMICAL JOURNAL. 



N<* 540-541 







Table IY. Matkriau pob Zone-Equatioks, 


— FoBMATioir or Nokmal Ststbm. 


CaUlogae 


P'o 


+78° 


+60° 


+46° 


+29° 


p n n' n' p' 


p n n' n' p' 


8 p n n' n' p' 


P 


n n' n' p' 


Grw. 16 - 
Kon. 21 2 
Dpt. 24 3 
Abo. 29 3 
Grw. 30 1 
St. H. 32 0.5 


2 +!20 .' . -13 0.7 
4 +.04 +.04 +.05 0.8 
6 +.13 +.13 +.07 0.5 
4 +.04 +.04 -.02 1.5 
2 -.10 -.17 -.09 0.4 


4 +^56 .' , -!lO 0.8 
4 -.20 -.20 -.18 0.8 

7 +.34 +.34 +.18 0.6 

8 +.08 +.08 -.08 1.5 
3 +.21 -.05 -.07 0.5 


46 4 +.61 . , +.02 0.8 

47 5 +.09 +.09 +.13 0.8 

45 9 +.37 +.37 +.13 0.6 

46 12 +.12 +.12 -.11 1.5 

45 4 +.60 -.03 +.04 0.5 

46 . -1.20 +.25 -.02 . 


6 + .81 . . +.09 0.8 
1 + .02 +.02 +.07 0.5 
6 + .28 +.28 -.04 0.6 

8 + .32 +.32 .001.5 
4 +1.10 +.28 +.21 0.5 

1 -1.15 +.18 -.430.2 

2 - .19 -.47 +.14 0.4 
2 + .44 -.01 -.01 0.3 
2 + .18 -.26 -.01 0.4 
6 - .06 -.11 +.08 1.0 

6 - .17 -.22 -.13 1.0 

7 _ .02 . . -.021.0 

18 - .36 -.36 -.04 3.0 

1 - .69 . . +.27 0.2 

9 + .02 . . -.04 1.6 

2 + .18 +.18 . . . 

4 - .04 . . +.09 1.6 

13 _ .19 -.17 -.03 1.5 

5 + .17 -.22 -.090.8 
12 + .17 . . -.01 1.6 

2 - .29 . . +.130.3 

11 - .10 +.02 -.04 1.5 
4 - .01 . . -.15 0.8 
9 + .13 +.13 -.01 1.6 

4 - .13 +.05 -.11 0.6 
26 - .24 -.24 -.033.0 
16 + .51 . . -.01 1.0 

9 - .23 . , -.10 0.6 

5 + .87 +.10 +.09 1.5 

12 + .31 . . +.031.6 
2 + .28 . . +.06 0.7 

6 + .03 +.31 +.160.4 
24 + .31 +.41 +.13 2.0 

19 - .06 +.09 +.06 2.0 
9 + .45 +.01 +.011.5 

36 _ .18 -.18 -.03 4.0 

8 + .74 . . +.08 0.8 

9 + .02 +.02 +.02 3.0 

14 - .01 -.04 -.07 2.0 
21 - .32 . . -.17 1.0 
31 + .06 +.13 +.02 2.0 

3+ .26 . . +.36 0.8 

4 + .98 . . +.40 . 

10 +..02 . . +.02 2.0 


Cape 33 ( 
Camb. 34 ( 
Cape 37 ( 
Grw. 38 
Grw. 46 
Paris 45 
Pulk. 47 
Stgo. 51 
Grw. 51 
Par.(L)53 
Wash. 56 
Grw. 57 
Cape 59 
Paris 60 
Melb. 62 
Grw. 64 
Cape 65 
Leid. 67 
Melb. 68 
Pulk. 69 
Grw. 72 
Harv. 75 
Cord. 76 
Paris 76 
Cape 76 
Melb. 77 
Wash. 77 
Grw. 82 
Cape 83 
Pulk. 84 
RadcL85 
Stras8.86 
Cape 89 
Madn. 90 
Grw. 94 
Mt.H.96 
W-Ott.97 
Alb. 98 


15 






).5 
f)5 


1 +.01 -.07 -.07 0.3 


2 +.36 +.11 +11 0.3 


46 1 +.69 +.36 +.36 0.3 
41 1 +.50 -.19 +.21 . 
45 8 -.04 -.08 +.07 1.5 
45 8 +.10 +.06 +.15 1.5 

44 8 -.11 . . -.11 1.5 

45 22 -.27 -.27 -.03 3.0 
40 . +.02 . . +.70 . 

45 6 +.14 . . +.09 1.0 

46 2 -.18 -.18 . . . 
45 3 -.27 . . -.04 1.0 
45 8 -.18 -.16 +.02 1.5 
40 . -.22 -.81 -.59 . 
45 8 -.07 . . -.15 1.6 


1 
1 

7 

1 

3 
3 

2 

8 
2 
10 

3 

1 
3 
3 
3 
10 

4 
3 

3 

(2) 


6 +.05 +.05 +.07 1.0 

6 -.04 -.04 +.02 1.0 

7 +.02 . . +.02 1.0 
12 -.04 -.04 +.02 3.0 


9 +.03 .00 +.11 1.5 

8 -.16 -.19 -.11 1.5 

6 +.17 . . +.17 1.0 

11 -.18 -.18 -.02 3.0 


5 +.15 . . +.10 1.0 

2 -.32 -.32 . , . 

3 -.49 . . -.10 1.0 
10 -.14 -.14 +.13 1.5 


4 +.18 . . +.13 1.0 
3 -.34 -.34 . . . 
2 -.37 . . -.04 1.0 
7 -.30 -.29 -.06 1.5 


5 +.08 . , +.26 1.5 


6 -.09 . . -.06 1.5 


11 -.01 +.02 +.01 1.5 


6 +.05 +.11 +.08 1.5 


44 8 -.09 .00 -.05 1.5 


3 -.10 -.10 -.13 1.0 


10 +.18 +.18 +.12 1.5 


4515 +.16 +.16 +.06 1.5 
40 . -.77 -.22 -.49 , 
45 30 -.23 -.23 -.08 4.0 
45 10 +.50 . . +.09 1.0 
45 9 -.10 , . .00 0.6 


19 .00 .00 +.03 3.0 

12 +.10 . . -.05 1.0 

8 -.08 . -.06 0.6 


15 _.05 -.05 +.05 3.0 
9 +.40 . . +.07 1.0 
6 +.06 . . +.13 0.6 


3 _.02 . . -.12 1.0 
. 


1 +.20 . . +.04 0.7 


44 5 +.31 . . +.08 1.5 
41 . -.42 . , -.76 . 

40 . -1.13 -.41 -1.13 . 

45 20 -.05 +.03 -.09 2.0 

44 12 -.04 +.08 +.05 1.5 

41 2 +.91 +.21 +.21 . 

45 41 -.05 -.06 +.06 4.0 

44 4 +.48 . . -.02 0.8 

46 15 +.09 +.09 +.09 3.0 
41 3 +.19 +.13 +.10 . 

45 19 +.01 . , +.13 1.0 

45 26 +.10 +.16 +.07 2.0 
40 3 -.07 . . +.01 0.8 
48 16 +.06 +.06 -.27 . 

46 6 -.06 . . -.05 2.0 


2*3 -.04 -.01 +.10 2.0 
16 -.07 -.04 -.04 2.0 


11 -.18 -.12 -.121.5 

12 -.20 -.12 -.13 1.5 


26 .00 .00 +.01 3.0 
7 +.03 . . -.09 0.8 
4 .00 .00 .00 2.0 


23 -.06 -.06 +.01 3.0 

5 +.51 . . +.18 0.8 

11 +.06 +.06 +.06 3.0 


20 +.11 . . +.15 I.O 
23 +.10 +.12 +.10 2.0 
13 -.05 . . -.021.0 

8 -.06 -.05 -.13 . 

6 -.07 . . -.07 2.0 


11 +.14 . . +.23 1.0 
20 .00 +.04 -.01 2.0 

12 -.06 -.06 -.14 ". 
1 -.31 . . -.31 0.7 





—45° 


—60° 


—81° 


Catalogue 








& p n n* p' 


p n n' p' 


p n n' p' 




o t t 


jr # 


t t 


St. H. 32 


46 2 -.50 +.13 0.2 


2 -.14 +.16 0.2 


1 _.71 -.46 . 


Cape 33 


46 3 -.12 -.22 0.4 


3 +.25 -.21 0.4 


4 +.06 -.01 0.4 


Cape 37 


44 8 +.38 +.06 0.6 


6 +.76 +.04 0.6 


6 +.19 -.04 0.6 


Stgo. 51 


47 1 -.30 +.01 0.2 


2 -.23 -.07 0.3 


1 +.07 +.08 0.2 


Cape 59 


45 7 +.06 -.03 0.8 


6 +.02 -.06 0.8 


8 -.10 -.13 0.8 


Melb. 62 


43 1 -.19 +.03 0.2 


1 +.40 +.60 0.2 


4 +.26 +.26 0.3 


Cape 66 


46 4 -.16 -.21 0.8 


6 -.06 -.10 0.8 


6 -.23 -.26 0.8 


Melb. 68 


46 7 +.63 +.39 0.6 


6 +.46 +.28 0.6 


10 +.15 +.07 0.7 



(Gontinaed on opposite page.) 
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Table IV. Materials fob 


Zone-Equations, 


— Formation of Normal System. 








+15° 




+1° 




-16° 


—80° 


CataioiniA 


















P'o 


P 


n n' n' p' 


P 


n n' n' p' 


P 


n n' n' p' 


8 p n n' n' p" 








til 




III 




III 


1 1 1 


Grw. 


16 1.0 


10 + 


.72 . . -.111.0 


8 + 


.80 . . -.110.8 


9 + 


.98 . . .00 0.8 


25 1 +1.13 . . +.12 . 


Kbn. 


211.0 


2 + 


.11 +.11 +.17 0.7 


1 - 


.09 -.09 -.02 0.5 


1 - 


.14 -.14 -.07 0.5 




Dpt. 


?A 0.6 


5 + 


.24 +.24 -.19 0.5 


4 + 


.73 +.73 +.12 0.5 


2 + 


.94 +.94 -.16 0.2 




Abo. 


29 2.0 


8 + 


.44 +.44 +.031.5 


9 + 


.57 +.57 +.051.5 


6 + 


.70 +.70 -.11 0.5 




Grw. 


30 0.6 


6 +1.50 +.42 +.30 0.5 


5 +1.47 -.02 -.15 0.5 


6 +2.08 -.12 —.15 0.5 


26 i +2.64 +.31 +.01 ." 


St.H. 


32 0.2 


1 -] 


..22 -.10 -.13 0.2 


2 - 


.89 +.11 -.15 0.2 


4 - 


.60 +.12 -.09 0.2 


30 4+ .08 +.79 +.20 0.2 


Cape 


33 0.5 


2 + 


.06 -.24 +.02 0.4 


2 + 


.12 -.12 +.04 0.4 


3 - 


.16 -.37 +.010.4 


31 2- .69 -.86 -.09 0.4 


Camb. 


34 0.4 


3 + 


.22 -.35 -.35 0.4 


3 + 


.32 -.43 -.43 0.4 


3 +1.13 -.03 -.03 0.3 


25 . +2.12 +.21 +.21 . 


Cape 


37 0.5 


3 + 


.18 -.17 +.04 0.4 


3 - 


.25 -.54 +.13 0.4 


6 - 


.38 -.62 .00 0.5 


3111 - .09 -.30 -.09 0.6 


Grw. 


381.5 


8 - 


.14 -.20 +.04 1.5 


7 — 


.28 -.36 -.03 1.0 


7 - 


.43 -.56 -.03 1.0 


26 1 - .61 -.80 .00 . 


Grw. 


451.5 


10 + 


.01 -.05 +.05 1.5 


8 - 


.11 -.19 -.08 1.5 


8 + 


.01 -.11 +.021.6 


25 1 + .07 -.12 +.05 . 


Paris 


451.6 


12 + 


.03 . . +.031.5 


13 + 


.15 . . +.151.5 


13 + 


.07 . . +.071.5 


26 2 - .39 . . -.39 . 


Pulk. 


47 4.0 


21 - 


.31 -.31 +.08 3.0 


10- 


.40 -.40 +.04 3.0 


3 - 


.60 -.60 -.03 1.0 




Stgo. 


610.3 


2 - 


.86 . . +.02 0.3 


1 - 


.89 . . -.10 0.2 


2 - 


.98 . . -.33 0.3 


29 i-'.66 .* .' -.l'7 0!2 


Grw. 


611.6 


12- 


.15 . . -.211.5 


11 + 


.11 . . +.041.6 


10 + 


.09 . . +.021.6 


25 1 + .07 . . -.03 . 


Par.(L)63 - 


3 + 


.18 +.18 . . . 


3 + 


.42 +.42 . , . 


1 + 


.27 +.27 . . . 


26 . - .60 


Wash. 


56 2.0 


6 + 


.06 . . +.101.5 


6 + 


.19 . . +.181.6 


6 + 


.03 . . +.061.6 


28 3- .26 . . -.04 0.5 


Grw. 


67 2.0 


21- 


.27 -.24 -.13 2.0 


19- 


.03 +.01 +.09 2.0 


17 - 


.12 -.06 +.02 2.0 


26 2 - .33 -.23 -.07 . 


Cape 


59 1.0 


11 + 


.28 -.03 +.09 1.0 


10 + 


.31 +.05 +.15 1.0 


10 + 


.21 -.01 +.08 1.0 


3013- .03 -.21 -.141.0 


Paris 


60 2.0 


16 + 


.28 . . +.03 2.0 


15 + 


.21 . . -.02 2.0 


15 + 


.05 . . .001.6 


26 3 - .66 . . -.05 . 


Melb. 


620.3 


3 - 


.34 . . +.23 0.3 


4 - 


.86 . . -.29 0.3 


3 - 


.66 . . -.08 0.3 


30 3- .40 . . -.04 0.3 


Grw. 


64 2.0 


19- 


.04 +.11 +.03 2.0 


14- 


.01 +.18 +.091.5 


16- 


.14 +.16 +.01 1.6 


26 1 - .63 -.16 -.39 , 


Cape 


651.0 


15 + 


.17 . . +.071.0 


14 + 


.22 . . +.131.0 


18 + 


.11 . . +.041.0 


29 8 - .01 . , -.07 1.0 


Leid. 


671.5 


12 + 


.38 +.38 +.21 1.5 


8 + 


.11 +.11 -.08 1.0 


4 - 


.02 -.02 -.23 1.0 




Melb. 


68 0.7 


7 + 


.40 +.42 +.29 0.6 


7 + 


.16 +.10 -.02 0.6 


6 + 


.38 +.26 +.16 0.6 


30 6 +.41 +.24 +.16 0^6 


Pulk. 


69 4.0 


29- 


.35 -.35 -.08 3.0 


17 - 


.34 -.34 +.02 3.0 


8 - 


.48 -.48 -.06 1.0 




Grw. 


721.0 


17 + 


.60 . . -.111.0 


14 +1.09 . . +.091.0 


13 +1.43 . . +.07 1.0 


26 i +2.22 '. \ +.0*7 '. 


Harv. 


76 0.7 


11 - 


.27 . . -.10 0.7 


8 - 


.09 . . +.13 0.6 


8 - 


.31 . . -.020.6 


27 2- .33 . , +.090.4 


Cord. 


76 3.0 


19 + 


.60 -.04 -.01 3.0 


19 + 


.47 -.08 -.05 3.0 


19 + 


.43 -.03 -.013.0 


2913+ .27 -.13 -.11 2.0 


Paris 


76 2.0 


16 + 


.25 . . -.07 2.0 


16 + 


.22 , . -.08 2.0 


15 + 


.16 . . -.011.6 


26 2 - .32 . . -.14 . 


Cape 


761.0 


5 + 


.16 . . -.010.8 


7 + 


.09 . . -.06 0.8 


8 + 


.03 . . -.09 0.8 


3011 + .22 . . +.121.0 


Melb. 


77 0.4 


11 + 


.43 +.53 +.19 0.4 


10 + 


.27 +.27 .00 0.4 


11 + 


.60 +.52 +.30 0.4 


29 6 + .72 +.60 +.41 0.4 


Wash. 


77 2.0 


33 + 


.26 +.38 -.02 2.0 


27 + 


.24 +.39 -.10 2.0 


25 + 


.31 +.50 .00 2.0 


2913 + .13 +.39 +.13 1.6 


Grw. 


82 2.0 


27- 


.28 -.09 -.14 2.0 


22- 


.11 +.14 +.09 2.0 


21- 


.42 -.14 -.08 2.0 


25 2 - .58 +.04 +.06 . 


Cape 


83 2.0 


18,+ 


.30 -.04 -.04 2.0 


22 + 


.28 .00 .00 2.0 


29 + 


.25 +.02 +.02 2.0 


2814+ .28 +.08 +.08 1.6 


Pulk. 


84 4.0 


41 - 


.25 -.25 -.08 4.0 


25- 


.24 -.24 -.06 3.0 


13- 


.11 -.11 +.03 1.5 




Radcl. 


851.0 


11 + 


.75 . . -.021.0 


10 + 


.74 . . -.071.0 


10 + 


.51 . . -.201.0 


26 i +.60 '. '. +.27 . 


Strass 


86 4.0 


16 + 


.07 +.07 +.07 3.0 


20 + 


.02 +.02 +.01 3.0 


29 + 


.02 +.02 +.01 4.0 


26 6+ .48 +.48 +.46 , 


Cape 


89 2.0 26 + 


.03 +.01 -.02 2.0 


27 + 


.04 +.02 .00 2.0 


26 + 


.10 +.09 +.07 2.0 


3018- .03 -.04 -.06 2.0 


Madn. 


90 1.0 27 - 


.33 . . -.151.0 


20 - 


.36 . . -.141.0 


6 - 


.29 . . -.011.0 




Grw. 


94 2.0' 39 + 


.01 +.11 -.03 2.0 


38- 


.08 +.05 -.08 2.0 


35- 


.20 -.01 -.06 2.0 


2*5 3 -.62 -.21 -.0*6 *. 


Mt.H 


95 1.0, 11 + 


.06 . . +.171.0 


19 + 


.09 . . +.231.0 


11- 


.20 . . -.031.0 


3010- .43 . . -.191.0, 


W-Ott.97 - 


6 +1.05 . . +.33 . 


6 + 


.79 . . -.03 . 


6 + 


.53 . , -.28 . 


28 1+ .42 . . -.14 . 


Alb. 


98 3.0 


19 + 


.10 . . +.10 3.0 


10 


.00 , . .00 2.0 


14 + 


.07 . . +.07 2.0 


29 24- .04 . . -.04 3.0 





— 45« 


-60^ 


-81° 


Catalogue 








8 p n n" p" 


p n n" p" 


p n n" p' 




O * f 


U 


a 


Cord. 76 


45 7 -f .18 -.14 2.0 


5 +.07 -.18 2.0 


23 +.02 -.08 3.0 


Cape 76 


45 9 4- .17 +.09 1.0 


10 -.19 -.26 1.0 


10 -.25 -.28 1.0 


Melb. 77 


46 1 + .72 +.43 0.3 


3 +.47 +.26 0.4 


9 +.08 -.01 0.4 


Wa8hn.77 


40 1 - .72 +.03 . 






Cape 83 


46 11 + .16 -.01 1.5 


9 +.2*9 +.16 1.6 


10 +.07 +.02 2.0 


Cape 89 


44 18 H- .01 -.01 2.0 


16 _.03 -.05 2.0 


13 .00 .00 2.0 


Mt.H. 95 


40 1 -1.18 -.78 . 


• • • • • . 




Alb. 98 


40 1 - .37 -.37 . 







1 • • • - " 



Digitized by 



Google 



126 



THE ASTRONOMICAL JOURNAL. 



N<*540-541 



z.d.'8 are regarded as positive, 
declinations are assumed to be : 



Then the corrections to 



Jq. + a sin z -^ b cos z -^ k j^ -l- C^ = JS 



100 



To reconcile the constant difference between direct and 
reflected z.d.'s a constant, Jz, is introduced. The northern 
declinations furnish 16 equations; D — R (see Mem. 
R.A.S., X, p. 78), 12 equations; and declinations below 
pole minus declinations above pole (Mem. R.A.S., X, p. 
73), six equations. The weights are adopted in general 
accordance with Henderson's data wherein 0".22 is the 
minimum p.e. of repeated observations on a given object, 
and the casual error is taken from Henderson's table 
(p. 59), but not smaller than ±0^56 in any case. Adopted 
p.e. of unit of weight is ±0^30. 

In the comparison of observations above and below pole 
(and in two other instances) the grouping did not permit 
of the direct determination of a single C independent of 
its next neighbor. In such cases the proportional ratio 
with which each C was involved was expressed in the equa- 
tion. Each division correction was represented in at least 
four of the 34 equations. The normal equations were 
formed with all rigor, and solved by approximations, — the 
convergence being rapid and requiring only three repeti- 
tions for a precise result. The values of the unknowns 
resulted as follows : 



Jff, = -0.49 


C, = -0.04 


Jz = +0.16 


C, = -0.58 


a = +0.73 


C, = -0.40 


b = +0.58 


C, = -0.19 


k = -0.474 


C, = -0.25 




C, = -0.35 


C, = +0.30 


C,„ = -0.48 


C, = +0.65 


C,i = +0.59 


C, = +0.20 


C„ = +0.52 



The leap between Cjo and C^ is especially notable and is 
fully confirmed by the trend of the individual comparisons 
which make up the means wherever those graduations oc- 
cur. The following table exhibits computed and observed 
values of the discordances upon which the investigation is 
founded. 

This comparison seems to leave nothing to be desired. 
Only one discrepancy is relatively large (the third in "lower 
—upper") and this is within admissible limits relatively to 
its weight. The remarkable feature of this investigation 
is that, while the declinations north of the Cape zenith are 
completely reconciled to those of B, the discordance, D — E, 
which gave Henderson so much trouble is accounted for 
in a manner which seems to be very satisfactory. The 
observations above and below pole are also satisfactorily 
accordant. These facts seem to warrant confidence in the 
determination of the correction for errors of graduation. 
On the other hand, a small- but decided discordance of the 



latitude obtained in this discussion from that of the 
modern results for the Cape transit circle subtracts some- 
what from the complete satisfaction which might otherwise 
be felt. 



Results of Discussion 
Observations, 



2.2 
2.2 
5.4 
4.6 
6.4 
6.9 
8.6 
7.9 
5.9 
5.5 
7.5 
12.2 
9.7 
7.0 
5.0 
6.5 



j8, B 
8^ 

4-45?9 
38.8 
30.2 
26.1 
21.4 
15.0 
10.8 
5.9 

+ 1.2 

- 3.6 
8.8 
13.6 
19.0 
23.8 
29.5 

-33.8 



— Cape 33. 

(C) 

-L26 
-0.08 



(O) 

-L32 
-0.05 
-h0.17 
-1-0.31 
+ 0.62 
-0.47 
-0.06 
■fO.02 
-0.13 
-0.19 
-0.42 
+0.16 
+0.36 
+0.79 
+0.38 
+0.70 



+ 0.14 
+0.48 
+ 0.63 
-0.36 
-0.20 
-0.06 
+ 0.01 
-0.19 
-0.37 
+0.16 
+ 0.39 
+0.81 
+ 0.42 
+ 0.61 



OF Henderson's 
C-0. 

D — R(J2). 
p z^ (O) (C^ 

0.7 -40^8 +0.89 +0.92 

1.5 -34.9 +1.81 +1.29 
0.7 -29.6 +1.27 +1.19 

6.6 -25.0 +0.90 +1.07 
2.2 -15.1 +0.40 +0.21 
2.2 + 5.5 -1.17 -1.35 
1.5 +16.0 +0.06 -0.57 
1.5 +24.6 -0.46 -0.15 
0.7 +32.1 -0.89 -0.30 
1.5 +40.4 -1.08 -0.97 
1.5 +44.5 -1.48 -1.18 
2.2 +50.6 -1.65 -1.63 



J 8, Lower — Upper. 
S (O) (C) 



3.0 
3.2 
0.9 
0.4 
1.4 
1.2 



-89.0 
-84.1 
-78.3 
-74.7 
-68.1 
-63.9 



+0.08 
+0.49 
+0.73 
-0.65 
-1.38 
-0.39 



-0.03 
+0.50 
-0.44 
-0.75 
-0.94 
-0.05 



The latitude of the Jones mural circle given by this discus- 
sion is -33'* 56' 3^25 + Jg) - J« = -33" 56' 3^90. For 
the Cape transit circle we have for the seconds of latitude, 
and their values when the refraction-corrections of Table 
II are taken into account : 



-0.10 



3.55 

3.54 . . 

3.45 -•0.03 



3.65 
3.54 
3.48 



Cape 59 (p. 10, Int.) 
Cape 83 (p. xlvii, Int.) 
Cape 89 (p. xxiv. Int.) 

In 1886-1891 Gill also determined the latitude by the 
Talcott method. The declinations of his northern stars 
were determined with the Pulkowa vertical circle. The 
southern element of his pairs consisted of close circum- 
polar stars, observed equally at both culminations. Thus, 
errors in the assumed declinations of the southern stars 
were eliminated. The seconds of this result are, 3*^.65 
(Cape 85, Int. p. xlvii). Assuming that the Pulkowa 
declinations in question require the systematic correction 
to B which has been found for Pulkowa 84, the seconds of 
latitude reduced to B would be 3".53. Accordingly, we 
may assume that the mean latitude of the Cape transit 
circle is 3".54, and this is numerically smaller than the 
latitude deduced in this discussion of Henderson's ob- 
servations by 0".36. For so short a period as one year, the 
mean latitude applicable to Henderson's observations, un- 
corrected for variation of latitude, may have been sensibly 
different from the true mean latitude ; but this difference 
can scarcely have been greater than O'^.l. 
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This discordance in latitude may point to a numerically 
smaller value of k than was reached in the present dis- 
cussion ; but a more probable explanation is indicated in 
connection with the term h cos z. If this term had been 
omitted in the equations we should have had, approximate- 
ly : Jqi = -0^08 ; a = +0^78 ; k = -0.50 ; with small 
changes in the correction for errors of graduation. The 
seconds of latitude would then have been : 3''.49, in ex- 
cellent agreement with the modern results ; supposing that 
there is no such thing as secular variation of latitude. 
The northern declinations would not have been so accord- 
ant with B as in the actual solution ; but they would not 
have been altered at any point within 70° of the zenith by 
so much as 0''.2; and ordinarily by less than half that 
amount. 

Adopting the result of this discussion of Cape 33, the 
zone equations, south of —30**, were first solved, omitting 
St. Helena 32 and Cape 37. Then the corrections for these 
catalogues and for Melb. 62, were formulated as in Table 



III. The effect of this process is to assign some weight in 
the formation of the southern system to these authorities 
through the medium of their relations to northern stars, 
and to make the essential weight of Cape 33 in the forma- 
tion of the system to be about one-half greater than that 
which is nominally assigned to it in Table IV. 

It would seem to be extremely desirable that the zenith- 
distances observed by McClear for the Cape Catalogue of 
1840 should be discussed anew on principles somewhat 
similar to those which have been adopted in the foregoing 
discussion of Cape 33. This would afford a much needed 
check upon the conclusions derived from Henderson's ob- 
servations. However, we shall soon be in a position to 
determine whether this treatment of Henderson's obser- 
vations has resulted in improvement of them. If errors 
have been introduced thereby, these will be reflected in 
some degree in the values of proper-motion, and the effects 
ought to become very sensible in the predicted declinations 
of B within five, or ten, years from the present time. 



OBSERVAllONS OF COMET cL 1902 {giacobini), 

MADE WITH THE 26-INCH REFRACTOR OF THE LEANDER MCCORMICK OBSERVATORY, UNIVERSITY OF VIRGINIA, 

By T. McN. SIMPSON, Jr. 



1903 Charl. M.T. 


* 


Comp. 


Ja 


j8 


App.a 


App.8 


logpA 


Red. to App. PI. 


Apr. 21 9" 37° 60 

27 9 36 5 

28 10 27 6 

29 9 51 49 


1 

2 
2 
3 


10,4 

rfl2,8 

8,8 

8,6 


+d'46!66 
+ 21.08 
+ 1 62.27 
+2 6.34 


+0 6o!o 

-6 7.9 
-0 0.7 
-6 18.6 


h lu * 

7 20 39.42 
7 29 8.57 
7 30 39.74 
7 32 6.35 


+32° 6'69'.9 
+32 44 66.6 
+ 32 61 3.6 
+ 32 56 46.2 


9.688 
9.702 
9.734 
9.719 


0.464 
0.482 
0.689 
0.525 


+0^99 -6!7 
+0.90 -6.6 
+0.88 -6.6 
+ 0.87 -6.5 



Mean Places of Comparison- Stars for the beginning of the year. 



* 


a 


a 


Authority 


1 

2 
3 


b ID • 
7 19 52.77 
7 28 46.59 
7 29 59.14 


+32° 6 16*6 
+ 32 51 10.8 
+33 3 11.1 


Leiden, A.G.31 28 

" « 3192 

" 3199 



NOTES. 



d refers to direct mlcrometiical measurement. April 27 — Comet 
very faint ; observation diflflcult. Tiiese observations have been 
corrected for refraction. 

I wish to call attention to a mistake in my observations of this 

Charloiteiioille, Va. 



comet published in ^./., Nos. 537-8. LogpA throughout should be 
increased by 1 in the characteristic. The same correction should be 
applied to Mr. McCallie's observations published In A.J.^ No. 584, 
for the reduction of which I am responsible. 



OBSERVATIONS OF COMET cl 1903 {giacobini), 

MADE WITH THE 11-INCH EQUATORIAL AT THE PMITH COLLEGE OBSERVATORY, NORTHAMPTON, MASS., 

By MARY E. BYRD. 



1908 Greenw. M.T. 


* 


Comp. 


Ja 


j8 


App.a 


App.8 


logpA 


Red. to App. PI. 


Tab. 20 11 48 49 
22 12 6 38 

Mar. 2 11 48 24 

11 48 24 

12 12 10 1 


1 
2 
3 
4 

5 


16,11 

12,10 

8. 8 

8, - 

10, 7 


Ul 8 

-0 12.97 
-0 25.67 
+ 3 10.04 
+3 12.60 
-1 0.57 


-1 48.6 
-6 64.5 
-1 46.4 

-6 32.2 


b in • 

23 43 44.86 

23 47 32.72 

3 35.29 

3 35.44 

21 58.47 


+12 3 48.7 
+ 12 49 29.4 
+ 15 46 37.4 

+ 17 14 47.2 


9.639 
9.646 
9.652 
9.652 
9.657 


0.740 
0.748 
0.737 

0.760 


-0.21 +0.9 
-0.19 +0.8 
-0.19 +0.1 
-0.19 . . 
-0.12 -0.8 
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Mean Places 


of Comparison- Stars fi 


or the beginning of the 


year. 


* 


a S 


Authority 


* 


a 


S 


Aathority 


1 

2 
3 


h lu t 

23 43 58.04 

23 47 58.58 

25.44 


+ 12 5 36:3 
+ 12 56 23.1 
+ 15 47 23.7 


Leipzig I, A.G. 9451 
Leipzig I, A.G. 9469 
Berlin A, A.G. 9779 


4 
5 


h tu s 

23.03 
22 59.16 


+ 15° 48 46.9 
+ 17 21 20.2 


Berlin A, A.G. 9778 
Berlin A, A.G. 109 



OBSERVATIONS OF SUNSPOTS, 

MADE AT B08T0N UNIVERSITY OBSERVATORY. 

By C. Q. JONES and L. R. TUCKER, Students in Astronomy. 



W.M.T. 


Groups 


Spto. is Ops. 


Totals 


Def. 


W.M.T. 




Groups 


Spts. In Gps. 


Totals 


Def. 


1902-1908 


N 


s 


N 


S 


Grps. 


Spte. 




1903 




N 


S 


N 


S 


Grps. 


Spts. 




d ta 

Oct. 6 4 


1 





12 





1 


12 


G 


Feb. 13 


b 
1 


1 





2 





1 


2 


P 


6 22 


2 





15 





2 


15 


G 


19 


1 





1 





4 


1 


4 


P 


7 4 


2 





17 





2 


17 


G 


20 








1 





5 


1 


5 


P 


8 1 


2 





14 





2 


14 


G 


24 


1 


1 


2 




4 


3 


5 


F 


9 1 


2 





21 





2 


21 


G 


24 


23 


1 


2 




6 


3 


7 


G 


10 


2 





4 





2 


4 


F 


25 


1 


1 


2 




7 


3 


8 


G 


10 22 







1 





1 


1 


P 


26 


2 


1 


1 




9 


2 


10 


G 


13 







3 





1 


3 


G 


27 


1 


1 


1 




6 


2 


7 


P 


14 3 







1 





1 


1 


F 


Mar. 2 


2 


1 





2 







2 


G 


15 2 







3 





1 


3 


G 


4 


2 


1 





3 







3 


F 


15 22 







1 





1 


1 


F 


13 


2 





1 





6 




5 


G 


19 23 







3 





1 


3 


G 


13 


23 





1 





4 




4 


G 


22 1 





1 





14 


1 


14 


F 


25 


2 


1 





6 







6 


F 


23 4 





1 





13 


1 


13 


G 


26 


3 


1 


1 


4 


1 


2 


5 


G 


24 1 





2 





24 


2 


24 


G 


27 





1 


1 


3 


6 


2 


9 


G 


28 4 





2 





8 


2 


8 


F 


Apr. 1 


1 


1 


1 


5 


10 


2 


15 


F 


30 1 





1 





1 


1 


1 


F 


2 


1 


1 


2 


2 


6 


3 


8 


F 


31 





1 





1 


1 


1 


G 


3 


1 





2 





4 


2 


4 


G 


Nov. 14 3 


2 


1 


8 


1 


3 


9 


G 


6 


1 





1 





2 




2 


P 


15 


2 


1 


6 


1 


3 


7 


P 


8 


22 





1 





6 




5 


G 


19 22 







30 





1 


30 


G 


9 


2 





1 





6 




6 


G 


20 2 







25 





1 


25 


G 


9 


22 





1 





5 




5 


G 


20 23 







25 





1 


25 


P 


12 


23 





1 





3 




3 


P 


21 2 







18 





1 


18 


F 


20 


5 





1 





1 




1 




22 1 







17 





1 


17 


G 


22 


2 





1 


0* 


1 




1 


P 


Jan. 5 










2 


1 


2 


F 


23 








1 





1 




1 


F 


6 23 










2 


1 


2 


P 


27 


1 


3 


1 


27 


4 




31 


G 


8 1 










1 


1 


1 


P 


28 


2 


2 


1 


19 


4 


3 


23 


G 


Feb. 5 2 










1 


1 


1 


G 


29 


1 


2 


1 


28 


2 


3 


30 


E 


6 1 










1 


1 


1 


F 


29 


23 


2 


1 


68 


9 


3 


77 


G 


8 23 










6 


1 


6 


G 


May 1 





2 


2 


32 


3 


4 


35 


G 


10 3 
12 1 



1 





3 
2 


10 



2 
1 


13 
2 


G 
E 


1 22 
Totals, 


2 





7 





2 


7 


P 


54 1 50 


442 


209 


104 


651 



For explanations see A.J, 466. 

Observations were made, and no spots seen, as follows : Novem- 
ber, 8 days ; December, 10 days ; January, 9 days ; February, 1 day ; 



March, 7 days ; May, 4 days. 23 different groups we observed, con- 
tAining 223 different spots ; 13 groups, with 151 spots, were in north 
latitude, while 10 groups, with 72 spots, were south. 



PROJECTIOX OX MARS. 



A dispatch via Harvard College Observatory, May 27, 
states that a large projection on Mars was found by Sltpher 
at Lowell Observatory, Flagstaff, Ariz., ^lay 26** 8'' 35™ 



(Mountain Standard Time), in position angle 200°, lasting 
35 minutes. 
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OBSERVATIONS OF MINOR PLANETS, 

MADE WITH THE 12-INCH EQUATORIAL AT THE U. 8. NAVAL OBSERVATORY, 

By J. C. HAMMOND. 
[Communicated by Captain C. M. Chester, U.S.N., Superintendent.] 



1903 Wash. M.T. 



Comp. 



Ja 



Jh 



App. a 



App. o 



logpA 



Red. to App. PL 



Apr. 



9 55 

9 11 

11 45 



5 

56 

2 

9 54 28 
9 22 13 



1 


27,8 ] 


2 


17,6 1 


2 


28,6 


3 


29,6 


4 


29,6 



-0 30.65 
-0 47.55 
-1 50.31 
-0 37.86 



(9) Metis. 

h 



-10 

- 6 

- 9 



41.7 
29.3 
13.0 
16.9 



12 48 45.85 
12 45 55.39 
12 44 52.63 
12 44 0.99 



-h 



3 12 6.4 

3 24 20.0 

3 28 36.3 

3 32 5.1 



12.8 
12.8 
12.8 
12 8 
1 33.19 I + 1 7.5 i 12 37 48.57 -h 3 53 53.1 n9.268 | 0.704 -1-2.29 -12.6 



n9.362 

719.444 

8.261 

n9.274 



0.713 
0.713 
0.705 
0.708 



+2.29 
+ 2.30 
+ 2.30 
+2.30 



(230) Athamantis. 



Apr. 



8 11 21 30 


5 


30,6 


8 11 21 30 


6 


30,6 


10 10 39 4 


7 


30,6 


17 10 34 16 


8 


30,6 


18 9 37 7 


9 


30 , 10 



Apr. 18 10 45 11 
21 12 12 52 
10 13 2 



27 

29 

May 2 



11 15 39 
9 13 30 



10 


28,6 


11 


29,6 


12 


29,6 


13 


30,6 


14 


30,8 



Apr. 28 11 19 46 
29 12 10 51 

May 2 11 28 8 

6 9 34 36 

11 9 39 3 



Apr. 28 12 53 48 

May 4 10 44 39 

4 10 44 57 

7 10 26 10 

8 10 26 52 



15 


29,6 


16 


30,6 


16 


30,6 


17 


24,6 


18 


35,7 



19 


29,6 


20 


30,6 


21 


30,6 


22 


30, 6 


22 


30,6 



-1 

-3 

-1 
+ 1 
-0 



+ 1 
+2 
-1 
+ 2 
-0 



-0 

+ 1 
-1 
+0 

-1 



-0 
+0 

+1 
+1 

+0 



38.16 
28.89 
38.97 
44.32 

2.77 



22.18 

25.08 

47.52 

6.09 

6.69 



55.58 
28.91 
29.23 
33.94 
59.47 



48.84 
47.58 
31.24 
23.08 
35.77 



+ 
+ 



+ 
+ 
+ 
+ 



+ 
+ 

+ 



7.7 
31.3 
53.7 

9.9 
41.5 

(60) 
26.6 
13.5 
13.5 
12.6 
0.1 



13 
13 
13 
13 
13 



13 

13 

11 

5 

4 



Echo. 
14 3 



14 
13 
13 
13 




54 
52 
50 



(83) Beatrix. 



5.8 
18.4 
46.9 
35.6 
51.5 



14 
14 
14 
14 
14 



16 

15 

12 

8 

4 



7.63 
7.60 

20.97 
7.06 

17.03 



8.37 
14.85 
44.21 
53.36 
35.70 



23.41 
20.58 
22.46 
33.99 
0.31 



18 11 39.3 


n8.988 


0.864 


18 11 41.2 


n8.988 


0.864 


17 65 46.6 


»9.213 


0.868 


16 66 21.1 


«9.019 


0.858 


16 46 44.6 


n9.317 


0.848 



10 27 36.3 


n9.266 


0.816 


10 7 18.1 


8.261 


0.821 


9 28 40.1 


n9.210 


0.812 


9 16 46.3 


»8.282 


0.815 


9 12.7 


n9.357 


0.804 



17 4.1 


n8.830 0.861 


14 50.0 


8.684 0.851 


8 21.6 


n7.980 0.851 


69 42.9 


n9.297 1 0.840 


49 12.3 


n9.154 1 0.844 



(16) Psyche. 



6.3 I 
21.2 
2L5 
19.7 
33.1 



14 44 33.96 
14 39 52.77 
14 39 62.49 
14 37 30.41 
14 36 43.11 



-15 
-16 
-15 
-14 
-14 



-11 32 58.8 
-11 9 2.6 
-11 9 2.1 
-10 67 19.3 
-10 63 26.5 



8.830 I 0.829 
n9.133 0.824 
n9.131 ' 0.824 
n9.159 I 0.822 
719.126 I 0.822 



May 



7 

8 

9 

11 

11 



12 14 6 


23 


30,6 


10 65 43 


24 


30,6 


9 38 67 


24 


30,6 


10 26 42 


25 


30,6 


10 61 16 


26 


30,6 



+2 
+ 
-0 
-1 
+0 



18.42 
10.53 
42.72 
42.79 
45.27 



(12) Victoria. 
1 39.2 15 12 18.48 
5 46.2 15 11 26.01 
3 4.2 15 10 32.77 
5 8.3 15 8 36.99 
55.0 15 8 35.72 



19 63 4.3 


7.423 


0.875 


19 44 18.6 


n9.174 


0.868 


19 35 28.2 


n9.457 


0.847 


19 16 12.4 


«9.254 


0.863 


19 16 6.8 


n9.114 


0.867 



+ 2.64 
+ 2.64 
+2.64 
+ 2.64 
+2.64 



+2.62 
+2.69 
+2.61 
+2.61 
+ 2.62 



+2.76 
+2.76 
+ 2.77 
+2.78 
+2.78 



+ 2.68 
+2.73 
+ 2.72 
+ 2.74 
+2.75 



+ 2.96 
+2.96 
+ 2.97 
+ 2.97 
+ 2.98 



-11.4 
-11.4 
-11.7 
-13.0 
-13.0 



9.1 
9.4 
9.4 
9.8 
9.9 



8.1 
8.4 
8.4 
9.2 
9.2 

6.2 
6.8 
6.8 
6.9 
6.9 



4.1 
4.4 
4.5 
4.4 
4.6 





Mean Places 


of Comparison- Stars for the beginning of the 


year. 


* 


a 


s 


Authority 


* 


a 


8 


Authority 


1 


b in 8 

12 49 14.21 


o / # 

+ 39 37.5 


Albany, A.G. 4600 


14 


h m • 

13 50 39.77 


/ # 

- 9 5 2.9 


Radcliffe 1890, 3610 


2 


12 46 40.64 


+ 3 35 2.1 


" « 4586 


15 


14 17 16.24 


-15 18 1.8 


Wash.A.G.Z.53,113,209 


3 


12 44 36.55 


+ 3 41 34.8 


" " 4575 


16 


14 13 48.92 


-15 18 0.0 


" " 47,119,209,231 


4 


12 39 19.47 


+ 3 52 58.2 


« « 4555 


17 


14 7 57.27 


-15 9 9.3 


*' A.G.Z. 50, 114 


5 


13 14 43.15 


-18 17 35.6 


Wash. A.G.Z.51,1 16,204 


18 


14 5 57.00 


-14 45 11.6 


" " 45, 115 


6 


13 16 33.85 


-18 14 1.1 


« " 44, 116 


19 


14 45 20.12 


-11 36 58.9 


Radcliffe 1890, 3835 


rr 

1 


13 12 57.30 


-17 48 41.1 


" " 47,117 


20 


14 39 2.46 


-11 12 17.0 


i(Schi.5220+Mun.I,l0482) 


8 


13 3 20.10 


-16 55 18.0 


" " 44,116,204 


21 


14 38 18.63 


-11 12 16.8 Mtin. I, 10469 1 


9 


13 4 17.16 


-16 42 50.0 


« 44,110 


22 


14 36 4.69 


-10 m 52.7 


Yarnall, 6156 


10 


14 1 43.57 


-10 26 0.6 


i(Mu.I, 984C+MU.II, 6181) 


23 


15 9 57.11 


-19 51 21.0 


Cincinnati 1885, 2585 


11 


13 57 47.18 


- 9 59 55.2 


Wien, A.G.Z., 50, 250 


24 


15 11 12.52 


-19 38 27.9 


*^ 2588 


12 


13 m 29.12 


- 9 28 17.2 


" " 134, 253 


25 


15 10 16.81 


-19 10 59.7 


*« . " 2587 


13 


13 50 44.66 


- 9 16 48.1 


Radcliffe 1890. 3611 


26 


15 7 47.47 


-19 16 56.2 Radcliffe 1890, 3927 
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NOTES ON VARIABLE STARS, — No. 38, 

By henry M. PARKHURST. 



2689 Z Fuppis, In the Supplementary Catalogue, A,N., 
No. 514, No. 2690 should be 2689, the rariable discovered 
by Perry, and announced in A.J,, No. 428. The four ob- 
served maxima appear to vary at least 30 days from the 
average period of 255 days, while both observed minima 
have occurred within about 60 days from the average times 
of maxima. 

2690 X Puppis, The observations of 2690 show 5 maxi- 
ma, with an average deviation of 14 days from the average 
period of 155 days. Perry's observations in April, 1899, 
A, J, 468, nearly correspond with a sixth maximum . The 
observed minimum of 1903 is consistent with a period of 
only one-half of this. 

Subtangent Process, An illustration of the subtangent 
method {A,J. 400 and 456) occurs in obtaining the maxi- 
mum for 976, which was lost in the twilight just before it 
was reached. The 8 observations given below, by smooth- 
ing, were reduced to the three following : 



A 


6166.36 


8"36 


B 


6166.81 


8.09 


C 


6176.60 


7.92 



Results op 



Making the first tangent from 

AB 11.45 = -.26; 1 day = --.0227 

Making the second tangent from 

BC 8.79 = -.17; 1 day = --.0193 

The mean of observations A, B, is 6161.08 8»'.22; 

The mean of observations By C, is 6171.20 8^.00. 

The maximum is assumed to occur at the time C -\- 1, 

From the first tangent, we obtain for the time 14.52 -h t, 
the vertex, 8.22 - (.329-f .0227 1), 

From the second tangent, we obtain for the time 4.40 -f^, 
the vertex 8.00 -(.085 + .0193^). 

The subtangents are included within the parentheses. 
The subtangent being trisected at the vertex, the vertex is 
at the distance of two-thirds of the subtangent from the 
respective magnitudes. Multiplying the observed magni- 
tudes by 1^, and then taking the differences, we have the 
equation, 

.33 -.244 -.0034^ = 

whence t = -f-25.3 ; and hence the maximum is at 6201, 
3 days earlier than from the elements, and 8 days after my 
last possible observation. From the last subtangent, mak- 
ing ^ = 0, the deduced maximum, 7 ".91 is derived. 
Observations. 









Observed Date 
















No. 


Star 


Phase 


Julian 


Calendar 


E 


Corr. 


W 


Mag. 


Factors 




Remarks 


103 


T Andromedae 


Max. 


6084 


Nov. 30 


66 




E 






d 




114 


S Ceti 


Max. 


6062 


Not. 8 


34 


+ 10 


2 


_ 


_ _ 


_ 


From light-curve 


434 


S Piscuim 


Max. 


5947 


July 16 


33 


_ 


E 


__ 


__ _ 


_ 




466 


U Pisciuvt 


Max. 


6012 


Sept. 19 


48 


_ 


E 


__ 


_ 







715 


S Arietis 


Min. 


6098 


Dec. 14 


39 


_ 


E 


_ 


„ _ 







845 


R Ceti 


Min. 


6161 


Feb. 5 


79 


_ 


E 


_ 


_ 


_ 




893 


U Ceti 


Max. 


6124 


Jan. 9 


28 





4 


7.4 


_ _ 


_ 


[cess 


976 


T Arietis 


Max. 


6201 


Mar. 27 


35 


- 3 


9 


7.91 


_ _ 


_ 


Derived by the subtangent pro- 


1113 


U Arietis 


Max. 


6123 


Jan. 8 


9 


-43 


4 


7.7 


_ _ 


_ 


ElemenU, A,J. 403 


1166 


X Ceti 


Max. 


6102 


Dec. 18 


12 


_ 


E 





_ _ 


_ 


Elements, A, J, 438 


1577 


B Tauri 


Max. 


6179 


Mar. 5 


46 


-33 


9 


■ 7.34 


0.65 1.34 


19 




1682 


S Tauri 


Max. 


6174 


Feb. 28 


42 


-52 


9 


9.60 


2.64 1.69 28 




1717 


V Tauri 


Max. 


6136 


Jan. 21 


64 


+30 


3 


9.7 





_ 




1761 


R Orionis 


Max. 


6171 


Feb. 25 


46 


+ 26 


3 


11.2 


_ 


„ 


Unsatisfactory 


1806 


V Orionis 


Min. 


5382 


Dec. 28 


14 


_ 


E 





_ 


_ 


1900 


ii 


>< 


Min. 


6180 


Mar. 6 


17 


_ 


E 


_ 


« _ 


_ 


1903. Reappeared shortly after 


1944 


S Orionis 


Max. 


6072 


Nov. 18 


29 


— 


E 


_. 


_ _ 


_ 


Probably later 


2013 


U Aurigae 


Max. 


5408 


Jan. 23 


9 


- 5 


6 


_ 


_ _ 


_ 


1901 


ii 


« 


Max. A 


6210 


Apr. 5 


11 


-17 


7 


7.70 


0.32 0.31 


6 




({ 


« 


Max. 8 


6226 


Apr. 21 


11 


- 1 


3 


7.8 


_ _ 


_ 


Subtangent approximation 


2080o 


Z Tauri 


Max. 


6138 


Jan. 23 


— 


— 


1 


10.6 


_ — 


— 


Probably earlier 


2100 


U Orionis 


Max. 


6231 


Apr. 26 


17 


-21 


9 


5.69 


0.24 0.19 


4 




2266 


V Monocerotis 


Max. 


6179 


Mar. 6 


22 


+22 


9 


7.58 


1.33 1.11 


9 


Obsns. unsatisfactory 


2387 


— Geminorum 


- 


- 


_ 


— 


_ 


_ 


_ 


_ _ 


_ 


Turner's Nova 


2404 


XGeminorum 


Min. 


- 


- 


— 


— 


_ 


10.3 


_ _ 


_ 


Slight changes 


2446 


W Monocerotis 


Min. 


6202 


Mar. 28 


- 


— 


7 


10.8 


_ __ 


— 


An apparent minimum 


2475 


XMonocerotis 


Max. 


6191 


Mar. 17 


_ 


• __ 


5 


8.4 


_ _ 


__ 


Possibly earlier 


2689 


Z Puppis 


Max. 


6107 


Dec. 23 


_ 


_ 


_ 


8.2 


_ _ 


_ 


Period 255 


2690 


X Puppis 


Max. 


5121 


Apr. 11 


— 


_ 


7 


8.0 


_ _ 


_ 


1900. Period 155 ? 


(( 


« 


Min. 


6136 


Jan. 21 


_ 


_ 


8 


8.7 


__ _ 


_ 




(( 


« 


Min. 


6171 


Feb. 25 


14 


-18 


7 


8.34 


- 


- 
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Individual Observations. 
IncludlDj; Observations by Arthur C. Pbrrt. 



103 T Andromedae 

(Cont.froin498. Comp.Star8846) 
Julian Calendar Mag. 

1902 

6092 Dec. 8 10 
6103 19 11 
6115 31 12 

1906 

6133 Jan. 18 12] 
114 SCeti. 

(^CoDtinned from 408.) 

19(ft 

6092 Dec. 8 8.3 

6107 23 8.8 

i9oe 

6133 Jan. 18 9.8 

434 SPiscium, 
(Continued from 400.) 

6111 Deir27 12] 
6115 31 12] 

1908 

6133 Jan. 18 12] 

466 U Piscmm. 
(Continued from 486.) 

1899 

4984.6 Nov. 25 11.4p 



6111 
6133 



190S 

Dec. 27 

1908 

Jan. 18 



11.8] 
11.8] 



11] 



715 6 Arietis. 
(Continued from 496.) 

190S 

6115 Dec. 31 

1908 

6133 Jan. 18 11] 
845 R CetL 

(Continued from 496.) 

1908 

6116 Jan. 1 12 
6133 18 12^ 
6189 Mar. 15 12^ 



893 UCetL 

(Cont.f rom 498. Comp.Stare346) 

1908 

6116 Jan. 1 8.0 

6124 9 7.4 

6133 18 8.0 

6145 30 8.7 

976 TArietis. 

(Cont.f rom 498. Comp.StarB403; 

1906 

6116 Jan. 1 8.9 

6133 18 8.3 

6145 30 9.0 

6168 Feb. 22 8.0 

6171 25 7.8 

6177 Mar. 3 8.0 

6189 15 7.7 

6193 19 7.8 



1113 U Arietis, 

(Cont.f rom496. Comp Stars 814) 
Julian Calendar Mag. 

1908 

6116 Jan. 1 8.0 
6133 18 7.7 
6145 30 8.5 

1166 X CetL 

(Cont.f rom498. Comp. Stars 468) 

1908 

6133 Jan. 18 10.1 
6136 21 10.4 
6145 30 11.0 

1577 R Taurl 

(Continued from 498.) 

1903 

6116 Jan. 1 to 

6136 21 11] 

3 dates 

6145 Jan. 30 10.3 

6168 Feb. 22 8.4 

6171 25 7.5 

6174 28 7.1 

6177 Mar. 3 7.3 

6180 6 7.5 

6189 15 7.4 

6201 27 7.6 

6217 Apr. 12 7.8 

1582 STaurt. 
(Continued from 498.) 

1908 

6133 Jan. 18 9.9 

6136 21 9.9 

6145 30 9.9 

6168 Feb. 22 9.6 

6171 25 9.7 

6174 28 9.5 

6177 Mar. 3 9.5 

6189 15 10.0 

6201 27 10.1] 

1717 V Taurl 
(ConUfrom 513. Comp.Stars 613) 

1908 

6133 Jan. 18 9.9 



6136 
6145 



21 
30 



9.7- 
10.3 



1761 R Orionis, 

(Continued from 438.) 

1899 

4984.6 Nov. 2o 10.3 

1900 

5347.5 Nov. 23 10.0 

5376.5 Dec. 22 10.1 

5378.5 24 10.25, 

1901 

5471.5 Mar. 27 11.5] 

1908 

6138 Jan. 23 11.9 

6168 Feb. 22 11.2 

6171 25 11.2 

6174 28 11.2 

6177 Mar. 3 11.4 

6189 15 11.4 

6201 27 11.4 



1805 V Orionis. 

(Cont. f rom468. Comp. 8tare8]9) 
Julian Calendar Mag. 

1900 

5376.5 Dec. 22 11] 

1908 

6169 Feb. 23 10.2] 
6205 Mar. 31 10.3 
6217 Apr. 12 10.2 

1944 S Orionis. 

(Continued from 403) 

1908 

6169.5 Feb. 23 7.4 

6172.5 26 8.2 

6175.5 Mar. 4- 8.51, 

6176.5 2 7.83, 

6177.5 3 8.382 

6180.5 6 9.O83 



6186.5 



It 



9.58, 



2013 U Aurigae. 
(Continued from 468.) 

1900 

5376.5 Dec. 22 9.5 

5378.5 24 8.94, 

5383.5 29 8.24, 

1901 

5471.5 Mar. 27 10.46, 

i9ue 

6206 Apr. 1 7.55, 

6208 3 8.39, 

6209 4 7.65, 

6210 5 7.76, 
6215 10 8.11, 
6217 12 7.95, 

6222 17 8.86, 

6223 18 8.43, 

6224 19 Q.^b^ 

6225 20 8.13, 

6226 21 8.16, 
6229 24 8.77, 

2080a ZTauri. 

1908 

6138 Jan. 23 10.5 

6168 Feb. 22 11.0 

6171 25 11.4 

6226 Apr. 21 12] 

2100 U Orionis. 
(Continued from 43«) 

1908 

6138 Jan. ^23 10.4] 

6168 Feb. 22 10.1 

6171 25 10.0 

6177 Mar. 3 10.5 

6203 29 7.4 

6217 Apr. 12 5.7 

6222 17 5.7 

6223 18 5.36, 

6224 19 7.99, 

6225 20 7.6L 



6226 


21 


6.48j 


6229 


24 


5.89, 


6230 


25 


5.70, 



2100 U OrionU.— Cont. 
Julian Calendar Mag. 

1908 

6231 Apr. 2^ 5.82, 



6232 
6233 
6234 
6235 



28 
29 
30 



6236 May 1 

6237 2 



5.40, 
5.82, 
6.48, 
6.31, 
6.84, 
6.41, 



2266 V Monocerotis. 
(Cont.f rom 468. Comp.Stars 403) 

1908 

6169.5 Feb. 23 7.6 
6172.5 26 8.0 

6175.5 Mar. 1 7.4 
6176.5 2 7.54, 

6177.5 3 7.92, 

7.29, 
7.49, 
7.92, 
7.95, 

inorum. 

lA 

7.54, 

7.88, 

7.80, 

8.51, 

8.47, 

8.83, 

8.07, 

8.74, 

7.62, 

8.01, 

6.60, 

9.23, 

9.39, 

9.54, 

9.95, 

9.13, 

9.20. 

9.99; 

2404 X Geminorum. 

(Continued from 441.) 

1906 

6205 Mar. 31 10.3 

6206 Apr. 1 10.47, 
6222 17 10.55, 

6225 20 10.40, 

6226 21 9.10, 
6233 28 10.66^ 

2445 W Monocerotis. 

1908 

6188 Mar. 14 10.4 

6189 15 10.02, 
6192 18 10.08, 
6200 26 10.94, 

6205 ' 31 10.91, 

6206 Apr. 1 10.65, 
6222 17 9.9 



6178.5 


4 


6180.5 


6 


6186.5 


12 


6201.6 


27 


2387 Nova Gem 




lam 


6206 


Mar. 31 


6206 


Apr. 1 


6208 


3 


6209 


4 


6210 


5 


6215 


10 


6217 


12 


6222 


17 


6223 


18 


6224 


19 


6225 


20 


6226 


21 


6229 


24 


6230 


25 


6232 


27 


6233 


28 


6235 


30 


6236 


May 1 


6237 


2 



2475 X Monocerotis. 

Julian Calendar Mag. 

i9ue 
6189 Mar. 15 8.84, 

6191 17 8.1 

6192 18 8.62, 

6193 19 8.38, 
6200 26 9.08, 

6205 31 9.32, 

6206 Apr. 1 9.23, 
0222 17 8.8 

2689 Z Fuppis. 

(Cont.fromM8. Comp.Stars 40S) 

1899 

4975.7 Nov. 16 12p 

1902 

5832.5 Mar. 23 10.4p 

5835.5 26 10.4p 

5853.5 Apr. 13 10.2p 

5867.5 27 10.2p 

5871.5 May 1 9.9p 



6106.7 Dec. 


22 


8.3p 


6107 


23 


8.2 


6114 


30 


8.2 


6114.6 


30 


8.4p 


uo 




6121.6 Jan. 


6 


8.7 


6130.6 


15 


9.1 


6132.6 


17 


9.9 


6145.6 


30 


9.7 


6160.6 Feb. 


14 


10.2 


6168.6 


22 


9.9P 


6174.6 


28 


10.5P 


6178.6 Mar. 


4 


9.9] 


6201.6 


27 


9.9 


6208.5 Apr. 


3 


9.9]p 


6222.6 


17 


9.9 


6224.6 


19 


10.4P 



2m0 X Puppis. 

(Cont.f rom 468. Comp.Stars 408) 

1900 

5056.6 Feb. 5 8.5p 

5081.6 Mar. 2 8.5p 
5102.5 23 8.1p 
5105.5 26 8.3p 
5123.5 Apr. 13 8.0p 
5137.5 27 8.3p 

5141.5 May 1 8.7p 

1902 

6106.7 Dec. 22 8.2p 
6107 23 8.0 
6114 30 8.2 

6114.6 30 8.0p 

1908 

6121 Jan. 6 8.5 

6130.6 15 8.9 

6132 17 8.7 

6145 30 8.7 

6160 Feb. 14 8.2 

6168 22 8.3 

6187 Mar. 13 8.05, 

6201 27 9.15, 

6222 Apr. 17 8.3 

6224.5 19 8.7p 
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OBSERVATIONS OF THE COMPANIONS OF SIBIUS AND PBOCYON, 



MADE WITH THE 40-INCH BEFBACTOB, 

By E. E. BARNARD. 
Sirius. 

Sirius is favorably placed for observation during the 
worst season for observation here, and as this star is a 
strong atmospheric test, it has been impossible to get a 
good series of measures until the latter part of the past 
winter. 

A few scattering isolated measures were obtained with 
difficulty in the endeavor to get a complete set of two or 
more nights closely following each other. These are per- 
haps of little value, but it may be well to print them with 
the above caution. 



Fro€]/on. 

The small companion of Procyon is much more diflScult 
than that of Sirius, though it is easier now to observe, since 
its distance has increased. The same remarks apply to 
this star that are referred to Siritis. It requires a very 
good night to see and measure it. 

The following two measures were made with difficulty. 



1901.882 
.885 



Nov. 18 
19 



340.53 4.93 Single dist. very difTlt 
346.46 5.20 Good 



1901.883 



343.49 5.06 



1 


1899.903 


Nov. 


25 


148.88 


4.60 


Good 


2 


1901.885 


Nov. 


19 


133.13 


5.34 




3 


1902.153 


Feb. 


25 


125.71 


5.85 


Believed to be good 


4 


1902.917 


Dec. 


1 


121.90 


6.06 




6 


1903.054 


Jan. 


20 


123.26 


6.18 


Angle uncertain 



Nos. 1, 3 and 4 were made with the star in the center of 
field, the others by occulting the bright star by the edge of 
the field, which makes it specially difficult to determine the 
angle. 

The following measures of the companion were made 
under fair conditions with the star in the center of the 
field, and are believed to be very good. 



1903.147 
.150 
.166 



Feb. 23 

24 

Mar. 2 



119.74 
118.53 
118.95 



6.28 
6.05 
5.93 



1903.154 



119.07 



6.09 



The increasing distance of the companion now makes it 
an easy object with the great telescope if the seeing is 
good. 



One of these angles is bad. 

The following measures are good, and were made with 
the star in the center of the field. 



1903.147 
.150 
.166 



Feb. 
Mar. 



23 

24 

2 



350.47 
351.11 
351.50 



5.17 
5.23 
5.07 



1903.154 351.03 5.16 

My previous measures, which were printed in A.J. 435, 
462, 482, are o , 

1898.213 326.0 4.83 
1899.073 330.6 4.91 
1900.055 336.0 5.09 

It will be seen that the direct angular motion is about 5° 
a year. The distance seems not to have materially in- 
creased in the past two or three years. 

Here are two measures of the old distant companion. 

1901.882 Nov. 18 345!'43 60.V6 
1902.153 Feb. 25 346.29 61.17 

In all the measures a magnifying power of 700 diameters 
has been used. 

Y^^rkes Observatory, Williams Bay, Wis,, 1903 April 15. 



Oreenw. 
Midnight 

July 1 


a 
b m • 

4 57 52 


+ 18° 40 23' 


logr 
0.223590 


log A 
0.406606 


5 


5 9 37 


+ 18 41 47 


0.225444 


0.405785 


9 


5 21 17 


+ 18 39 68 


0.227522 


0.404999 


13 


5 32 50 


+ 18 34 59 


0.229814 


0.404236 


17 


6 44 15 


+ 18 26 56 


0.232313 


0.403489 



ephe:meris of faye's comet, 

By F. E. SEAGRAVE. 

This ephemeris is based upon elements by Stromgbeh, 
published in a recent number of the Astr. Nachrichten. 
The comet will be in perihelion on June 3, but will be very 
unfavorably situated for observations, as it will rise only 
about fifty minutes before the sun. It should be seen 
towards the middle of July. 
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AN EXAMPLE IN PERIODIC ORBITS, THE SECOND-ORDER PERTURBATIONS 
OF JUPITER AND SATURN INDEPENDENT OF THE ECCENTRICITIES 

AND OF THE MUTUAL INCLINATION, 

By JAMES PARK McCALLIE. 



Intboductoey. 

A periodic solution is a particular integral in the prob- 
lem of three bodies. It is possible only under certain 
restricting conditions which do not exist in nature. Yet 
such solutions are of great beauty and interest, and often 
possess real value in assisting us to obtain a more general 
solution of the differential equations of motion; as, for 
example, the periodic orbit used as an intermediary by 
Dr. G. W. Hill in his " Researches in the Lunar Theory. ^^^ 

Analytically a solution is said to be periodic when 
the coordinates, referred to axes rotating with a uniform 
angular velocity, may be expressed in series periodic with 
respect to the time, while geometrically a periodic orbit is 
one in which a body, referred to the same rotating axes, 
returns periodically to the same position with reference to 
the other two bodies. 

Lagbakgb in a very elegant manner discovered the first 
periodic solutions in the problem of three bodies, which 
however are without much practical value, since to obtain 
them he assumed the mutual distances as always being in 
a constant ratio to each other. These are the straight line 
and equilateral triangle solutions. 

The next periodic solutions were obtained by G. W. Hill.^ 
By neglecting the lunar inclination and the solar parallax 
and eccentricity he finds a particular integral of the equa- 
tions for the moon's motion about the earth under the 
influence of the disturbing force of the sun. The curve 
corresponding to this particular integral is closed when 
referred to rotating axes, and is what is known as the 
variational orbit of the moon. This is used by Dr. Hill 
as an intermediary instead of the ellipse or modified ellipse 
of other lunar theorists. 

PoiNCARi has shown that there are an infinite number 
of such solutions that are really distinct. Since Poincar^'s 
wholly analytical treatment, the subject of periodic orbits 

1 The American Journal of Mathematics^ Vol. 1. 



has attracted many astronomers and mathematicians, and a 
number of memoirs, both analytical and numerical, have 
been produced. The whole field of periodic orbits is recog- 
nized as a fertile one, though by no means easy of entrance. 

Of the memoirs on the subject may be mentioned one by 
C. V. L. Chaelieb,^ in which he obtains analytically some 
of the results found by Darwin in his extensive numerical 
work on periodic orbits.^ In the majority of memoirs one 
mass is assumed infinitesimal, but periodic orbits exist, 
whether the mass be infinitesimal or not. It is in the case 
where none of the masses are infinitesimal that I have 
selected the following numerical example in periodic 
orbits. The case is purely an ideal one, but it was in the 
hope that the results might be of some interest to astrono- 
mers that the work was undertaken. 

The suggestion of the problem is due to Dr. G. W. Hill, 
and I desire to express my great indebtedness to him, and 
also my appreciation to Prof. Obmond Stone for his en- 
couragement and helpful suggestions, and to Mr. T. MoN. 
Simpson, Jr., for checking some of the numerical work. 

Example. If two masses, small relatively to a third 
mass, revolve around the latter in coplanar orbits, having 
no proper eccentricities, they will have symmetrical con- 
junctions and oppositions, i.e.^ their conjunctions and oppo- 
sitions will be symmetrically placed with regard to their 
mutually, perturbed orbits, which will cut the line of 
syzygies perpendicularly. Let us take the time of such a 
symmetrical conjunction as the origin of time, and the 
longitude of this conjunction as the origin of longitudes. 
The differential equations of the two bodies will then have 
particular integrals, or periodic solutions, as is shown by 
Hill and Poincar6. Assume the masses of the two 
planets to be, for the inner, the mass of Jupiter, and for 
the outer, the mass of Saturn^ with periods also respec- 

^ Meddelanden fran Lunds Aatronomiska Obaervatorium, No. 18. 
^Acta Mathematica, Vol. 21. 
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tively equal to those of Jupiter and Saturn^ while the mass 
of the largest body is the mass of the sun. The problem 
in hand is to find the expressions for the coordinates of the 
two small bodies as far as the terms proportional to the 
squares and products of the masses. These terms have 
been found before, as for instance in Hill's " New Theort/ 
of Jupiter and Saturn" but they are there mixed up with 
terms involving the eccentricities, etc., and it is the present 
purpose to determine them entirely separate from such in- 
fluences, and in the light of a periodic solution. It may 
be of some interest to know just how large these terms ot 
the second order are. 

Coordinates, I shall refer to the three bodies in ques- 
tion as the Sun, Jupiter, and Saturn. That the latter two 
may have the same expression for their perturbative 
functions it is necessary only to use symmetrical differ- 
ential-equations as explained in Tisseband, Vol. I, Chap. IV. 
Jupiter is referred to the center of the Sun as origin, while 
Saturn is referred to the center of mass of Jupiter and the 
Sun, Allowing the subscripts 0, 1, 2 to refer to the Sun, 
Jupiter, and Saturn respectively, and denoting the masses 
severally by m,(t = 0, 1,2), we have for the heliocentric 
coordinates of Jupiter and Saturn 

^1 = ^i > ^2 = «j+fi«i 

171 = ^1 } % = J/i"^ i^il/i 
where 



H 



/X, = w^ + 7^1 



+ . . .H- 



If r, , Vt (i = 1, 2) represent the radii vectores and true 
longitudes of Jupiter and iSa^MmJrespectively, then 

Xi = Ti cos Vj , yj = r^ sin v^ ; X2 = r, cos v, , y^ = r^ sin t-j 

Pebtubbative Function. 
The potential of the system is 

\l ^0.2 ^1,2 

rj r, 

where 

_, r 1 1"| 771,771- 

L^0,2 r2j ^1,2 

= ;7.,77iLr,»+K,V+2K,r,r,cos(r,-7;0r-^1-h^' 
If we put 

^h = ^2 > r, = ri , Vj - Vj = d , ^» = m 

F has the approximate expression 



in which F^ is the part having as a factor the small mass 
m^. Since the planets have no proper eccentricities, and 
lie in the same plane, the perturbations will depend on the 
single argument v^—v^, or the elongation. Hence it is 
sufficient to put in the function /", as a first approximation, 

r^=a^ , r^=a^ , v^^l^^n^t, v^=:l^^n^t , 0^^{n^-n^t 



Then F may be written separately in its two parts, 
F, = mfi^/^'cosie?,- J cose?o+i^o1 



where 



jp\ = i m mi — , [1 +3 cos 2dJ 
a. 



(1) 



•4-00 < 

iV J'costd, = ^[^-"^« cosd,+a2]-i 



In F^ the value of A* for i = has been taken from 
under the sign 2", and so hereafter. 

DiFFEBENTIAL EQUATIONS OF MOTION. 

1. For Jupiter. The equations for Jupiter in rectangu- 
lar coordinates are 

These equations expressed in the polar coordinates r^, », 
after the manner of DePontbcoulant's equations in the 
*' Lunar Theory," ^ are 



4('-.*)-?+^;=-«[''.IC^V'^'^-^H 



d 
~dt 



It vL ' u <)v^ J 



(2) 



A*i 



In these equations the new expressions introduced have 
the following significance : 

I aF dr. 3Fdv. ) ^ 

-f m^i= constant of integration attached to fd'F 
h^ = constant of integration. 

2. For Saturn. The equations for Saturn formed in 
the same way are (3) 



2ni2(^ 



^dt'^"^'^ r, + a. 



i[^r,|^-h2/rf-i^+2mi7.] 

dt r^^\ ' 771^ J ^v, J 



where the corresponding terms have an exactly similar 
meaning to those employed in Jupiter^s equations. 

3. Equations Connecting Constants. The above equa- 
tions for Jupiter, or Saturn, are of the second and first 

1 See Brown*8 Lunar Theory, pp. 16, 17. 
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order respectively, end are sufficient to determine three 
arbitrary constants, besides h^ and a< (i = lor2). But 
since the orbits have no inclinations or nodes there are only 
four constants, e<, ^o ^<> ^ (* = 1 0^2), to be determined 
for each body, and therefore we must have another equation 
connecting the constants. Three of the constants are im- 
mediately determined by the special conditions of the prob- 
lem. For since the orbits of the planets have no eccen- 
tricity other than that caused by their mutual perturbations, 
and hence their perihelia are indeterminate, we have 

e, sin IT, = 

e< cos^, = 
By reason of the way in which we have chosen our 
origins of longitudes and of time, c^ and Cj are zero. Hence 
the only two independent constants are n^ and n^. The 
equations above referred to are, for Jupiter and Saturn, 
respectively,* 

1 d\ fdv,\^ . A, m, 3F 



(4.^ 



d1^ 



\dtj "^r/- r, 



<^r. 



1 ^ __ fdv^"^^ 
r^'d?" \dt) 






/u^mmj 1 'dF' 



Units Employed. Let us take m^, the mass of the Sun, 
as our unit of mass, and let the mean distance of the earth 
from the Sun be the unit of length. Then that k, the 
Gaussian Constant, may also be unity, the unit of time 
must be 58.13245 mean solar days. Hence we may put 

" = ^; = [(i+«h+m,) (i+«t,)]-»^^y 

The values of m^, m,, n^, n, are taken from p. 558 of 
Hill's " New Theory of Jupiter and Saturn,'^ and are 

m^ = y^^ff 57V , n, = 109256^62552 
r^t = Tjy*i.F I w. = 43996^21506 
The above mean motions are for a sidereal year. Taking 

as our values for the mass and mean motion (in a sidereal 

year) of the earth, 

m' = ^yV^^v , n' = 1295977".41516 

from the equation a' = (1 -h wi')* w'"^ we obtain the numeri- 
cal value of a', which, used as the unit of distance, gives 

log a^ = 0.716237409 log v = log ^ = 9.604967534 

n^ 

log aj = 0.979909852 log a = 9.736327557 

Integration of Equations of Motion. In order to solve 
equations (3) and (4) it seems best to put 



r/ = a,« (1 + 142+ 8m,) 



dvi I . t 



dv^ 
It 



= Wj+^j+S^j 



where u^, z^, u,, «, represent perturbations of the first 
order with respect to the masses and Bu^ , Sz^ , Sw, , Sz^ are 
of the second order. 

1. First Order Terms for Jupiter. The radius-vector 
equation for Jupiter becomes, to terms of the first order, 



dhii 
IT' 



4- n>i = 2n,'a,mSa, ^ -\-2n,J ^-^ dt^2m g^ (5) 

This linear differential equation of the second order may 
be solved by indeterminate coefficients. Since its right 
member is a cosine function of the elongation, B^, only, we 
put 

-HX) 

«, = 2 \^ a, cosi ^Q 

—00 

Substituting this value of u^ in the above equation, and 
equating coefficients of the same argument on either side 
we have 

ao = mjUai^— +2a,^J ^ 

m, ri-v ,^^^ ., 3-v ,1 

^-= ^^ = v(l-v)(2-v) L"2- ^^3^ :^ "^^ - -2- « J 

To the same order the longitude equation is 

where Ai has been replaced by h\ -h 8i A, . In the circular 
orbit h^ = h\ = n^a^. Hence W is a small constant of 
the order of the masses. Then 

__ Sj^i . m, „ r^F^ 






(6) 



Putting 



we find 



8i"i ='fz,dt= ^a,a.mie^ 



iBbowh'8 Lunar Theory, pp. 16, 17. 



-«-. = «. = 2Ki-v)'(2-v) L^^^-''>°' g^T 

+ (v''-2v+4)a,.4'-(v«-4v+6)a«1 

+ |3+i»(l-v)»^a,^'l(t = ±2, . . .) 

The constant term of «i is —^ — 27iiao ; but we shall 

define n, as the mean motion of Jupiter in disturbed as well 
as in undisturbed orbit, and it will be obtained directly 
from observation. Hence 
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Since the arbitraries e^ and x^ of the general solution of 
the problem are zero in this case, and a^ is not independent 
of n, , all the arbitrary constants have now been fixed, for c^ 
is zero by the conditions laid down. Hence r/i is not inde- 
pendent of the other arbitraries, and we find it by means 
of the first of equations (4). This equation will also 
enable us to verify the preceding work, inasmuch as the 
coefficients of cost 0^ on each side of the equation should 
be identical. To terms of the first order the equation is 



^ - 4n,^, - 3n,'u, = 2 ^« n,^a,^ ^ 



dt^ 



m 



9o, 



Substituting in this the above values of Uj and «j we find 

2. First Order Terms for Saturn, The radius-vector 
equation for Saturn is 

-Ko 

Let M, = 2 V b, cos t tf, 

In forming a^dF^jda^ we make use of the relation 






'da. 



'aa. 



Then 



. , my ri-v 9^»^i+v ,, 1 

^-'' ^^ °. (i-v)(i-2v) L^ '^^"'g^ +^-«.^>-« 

The differential equation for longitude of Saturn is, to 
terms ol first order, 

(8) *. = i7-«.«.+i*'*M^; 

Putting 



c?^ 



-row 

SjV, =fz^dt = 2 A sini tf. 



we find 



OT y' r 9^1 

-^-. = A- 2(l_^).(l_g^^ |_2y(l-y)a,a,— 

+ (l+2y»)a^^i-(l + 2v)«1 

^' =2(l-y)«t>-»(l-y)»-v»j L^" (^ -"> "•«'' a^ 

+ |2y+y»+i»(l_y)«|a^«l 

and since the constant term in 8, v, is zero 






The equation determining the constant term in u, is to 
terms of first order, 



m 



9a. 



This gives 

bo = im,a^, = i m^ j^a^a, — +a,^«J 

Differential Equations Including Second Order 
Terms. 

Having now solved the differential equations as far as 
the terms proportional to the masses we are prepared to 
push our approximation still further and include all terms 
proportional to the squares and products of the masses. 
It is well known that the form of the solution remains un- 
changed in all the successive approximations of including 
the squares, cubes, and higher powers of the masses, and 
hence our differential equations preserve the same form, 
and are solved precisely in the same way as before. 

1. For Jupiter. — a) Radius Vector Equation. When 
we extend the radius vector equation to terms of the second 
order, and omit all terms of the first order, we get 

^F, 1 

+ «x-^ + 2/(i'/',+2mS^J 

In this equation F^ has the value given above, and m8^^ 
is the constant of integration attached to hfd'F, and is of 
the second order. We shall proceed to express fully the 
right member of this equation. 

Since 

we have 



-^— ^ = ItU 



^^ 



also ::ii5 = 4 i/j 
a. 



Also since F^ is a function of l^ — /, we have 



^= -.2^0 



a/. 



a^i 



With these relations and that given above, with refer- 
ence to %9F^lda^ we may easily express B(r^^F/^r^. 
We also have 



in which 
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Then the above differential equation in its expanded 
form is 

(9) 






dF, 



d*F^ 



9F, 



--./[^(l-l■)-t^^•<v.-w 

We see immediately that the right member is composed 
of products of series, either cosine by cosine, sine by sine, 
or, underneath the integral sign, cosine by sine. In every 
case we get, after multiplication, and integration of the last 
mentioned products, a cosine series. If now we attach the 
factor 2m^a^/m above to F^, every coefficient in each 
factor is of the order of the masses. We shall designate 
the coefficients of cosine series by Koman letters, of sine 
series by Greek letters. In each series the subscript i has 
every integral value from — oo to +oo including zero. 
For cosine series we may put a< = a_<, for sine series 
ttf == — a_i . Hence we may write 

-2; a< cos I 0^ X £j hj cosj $^ = -2", 2"^ a, b^ cos (i-^-j) 0^ 
2; a, cos 1 0^ X ^j aj sinj 0^ = 2", 2, a^ Uj sin (*4-y) $^ 
21 a, sin i 0^ X ^j Pj sinj 0, = -2, 2^ a, pj cos (i-hj) 0^ 

whence the equation for 8t^^ becomes 

the solution of which gives 

K = -^'-2:, j-^j:j^|L__co8(t+^-)<?. + 2<rin8i7, 

where o- = 2mjai/m and 

S^^^ 3 a^^ H- e^^ - f ,b^ - €,y^ H- k,+^ + 1,^ 

These letters express in order the coefficients of the 
various factors 'just as they occur in the right-hand mem- 
ber of the expanded equation (9) given above. 

b) Longitude Equation, To terms of the second order 
this equation becomes, when we put h^ = ^\'^^i\'^^2\ 
and omit terms of the first order, 
(10) 

==nii:ti:j F,^ cos (i-^j) 0^ 
where 



<-H 



= -2a.d,-j- 



(i-hmi-v) 



t'^i+j 



where the whole constant part is included in F^ , which for 
reasons given above must be equated to zero. 
Then 

c) Equation Determining Constant Fart of Sw^ . The 
first of equations (4) extended to terms of the second order 
is sufficient to determine the constant Sg^ which occurs in 
8^1, and at the same time to verify our equations for Bu 
and S^i . For on summing the coefficients of like cosines 
we shall find that they vanish identically, and only a con- 
stant term is left. If we let 

du. .. d^u^ 

this equation is (11) 

Substituting in this equation the expressions for hii, 
^fSziy and making use of equations (5) and (6) we arrive 
at the equation 

|t,^««^!^ 2^,-h2crm8(7i-4-^, 

We shall find a different expression for the last term. 
Equation (6) is 

;i; + "' = i;^.'+2"j9ir''' 

By means of this relation and its derivative we find 
J c7tj n^* ^1^1 



By adding 



^'/"■Sr- 



to each member of this equation, the integral in the right 
member becomes 

which by means of equation (5) may be completely inte- 
grated. Hence we obtain 
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where [ ]_o means that the constant term is absent. The 
equation under consideration then gives for the constant 
in 3ui 

Here [ ]o means that only the constant part is present. 
Thus it is seen that all periodic terms identically vanish, 
and the equations for 8mi and Szi are verified. We shall 
use this same equation to verify the numerical work. 

Since the constant term in Sz^ is zero we have 



^, = 2<rmS^, + 2[a,d,]. + -S, 



Hence 



-3,Tm 8<7, = 4 [a,d,].+ 2 5, + |^fL - f m^' + i ^^ 

2. For Saturn, — a) Radius Vector Equation. The 
equations for Saturn^ being formed in a manner exactly 
similar to that pursued in forming Jupiter's equations, may 
simply be written down. The first is 

(12) ^~(8w,) +n,Hu, 

We see that, as in Jupiter's radius vector equation, the 
right member is composed of the products of series, all of 
which result in cosine series. Many of the individual series 
are the same as those entering Jupiter's equation, except 
for the constant factor 2mya^lm, Denoting this constant 
by 0), we can put 



0) 

CD = — . <r 



and we can then use the same letters as before to denote 
the same coefficients here. New letters will be used where 
we have new coefficients, and arranging them in exactly 
the order in which they occur above, we may write the 
equation for ht^ , 



d^ 
dt 



^ (8^2) H- V8M2 = n^^l^Z^Sj Ri+^ cos(i-f-^)^o + 2a>m8^j] 



the solution of which is 
where 



i ^t+j cos (i-^-j) ^0+ 2iom 8^72 



Et^ = 3b,b^ — - [f^^ — q,b^ — O^yj — m,^.^ — 2n,^^ 

+ (,-h-;ki-v) { ^^^ " ^'^^ "^ ^'^> "^ ^-''^ "^ ^'P^ \ ] 

b) Longitude Equation, To terms of the second order 
this is (13) 



^F^ w, . a^/l 



'*s 



a/j^ 



(SiWi-Si^s) idt 



where 

K^^i = ~2b,p, 



aZi 2 
= n2 ^i 2^ Kt^j cos (i-^j) 6^ 



y^-ii-^JYiX-vY 



+ i - ^<+^ 



* 1 



Then 



<r (i+J){l-v) 






S,v, = fSz,dt = 2-, 2-, ^i+jj^^_-^^ ^.+y sin (i+j) 6, 

c) Eqtiation Determining Constant Fart of hu^. The 
second of equations (4), expressed to terms of the second 
order, is 



n^ 



n,- 



»2 



(14) 



= — L^ (2 - 2 ) - ^^ T+ ^ <«'"• - «•"«> - "• ^jj 



where 









From this equation we get, exactly as in the equation for 
Jupiter, 

-3«,m 8<7, = 4 [b,p,]. + 2i2o +[gj _ f „,' + i ^^J^ 
which is exactly similar to the expression for 8^1 . 

Reference of Coordinates of Saturn to Center 
OF Sun. 

Let r2', tJi' be the polar coordinates of Saturn referred to 
the center of the Sun as origin. Then in the triangle of 
Sun, Saturn, mass-center of Sun and Jupiter, the angles are 
respectively V2'— ^o ^> and ir — (vj— Vi), and the sides 
opposite T2 , KiTi , and rj'. If we put 

v^—Vi = /j— ^1 H- 8,^2 — Si^i + . . . = ^0 + ^1 + . . . , 
we get rj' = [r224-#ciV+2#c,rir2 cos {v^- v{)y 
or, approximately 

r2' = r2+K,ri cos(^,+^0 + i k^^ [1-cos 2 (^,+^0] 

= a2ri + iw2+i8w2-i<+iK,« ^2 (l-cos2^,) 
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since 0^ =^ hyv^ — Sjt;, is a very small angle. As far as 
to terms of the first order 



/ = as l+^Mj+Ki-cos^o 



so that to terms of this order r,' differs from r, only in the 
term of argument $^, It is also seen that r,' has the same 
mean value as has r, . When terms of the second order 
are included this ceases to be true. 

In the same triangle as mentioned above we have 



Vj- qp 



and 
Hence 



sinqp 



sia(.,-.,) =11= ^^^' approximately. 



Kjr 



sinqp =s gj == — i sin(i;2— Vj) 
r« 



and therefore 



vj = vj- K,^ri + -|i- J -Ki^osdoJCsin^o+^iCOS^o] 



= r, — Kj - sin ^0+^1 cos ^o 



\2-2-J 



sin^^^ — ^Ki - sin2d^^ 



It is seen that v^' has the same mean rate of increase, tij , 
as has v, , being as much less than the latter in the first 
and second quadrants as greater in the third and fourth. 

Computation of Fibst-Ordeb Tebms. 
It is necessary first to obtain the values of the functions 
A* entering into the perturbative function. Let 

[1 - 2a COS ^^ + ««]-* = iVA'costd, 



Hence if we compute 



da 



b\ a-y- , a' -, 



d^b* 



da" 



we can obtain from 



them 



3A' 



, 3^ A' 



by well known relations. 



These quantities may be computed in several ways, all 
well known, and it is unnecessary here to reproduce the 
formulas. By glancing at the perturbations under consid- 
eration as given by DePont^coulant, " Theorie Analytique 
du Systems du Monde,^^ it is seen that several coefficients 
are quite large; for instance, IQG'^ is the coefficient of 
8in2^Q in h^Vi. For this and similar terms nine-place 
logarithms are necessary, but only a few terms demand so 



many figures. In general seven-place logarithms suffice 
for terms of the first order, while five-, and for one or two 
terms, six-place logarithms, wil] give the same accuracy 
for the second-order terms. The 6' and their derivatives 
have been computed for log a = 9.736327567, and the 
computations were checked twice, and in some cases, three 
times by recomputation. 

^ ^ 1^ r. db' , d%' 
The values found for b\ a-=- . a^ ^-^ are 

da dor 



db* 



9.930590 

9.878787 

0.018692 

0.020155 

9.948196 

9.833742 

9.691950 

9.53118 

9.35651 

9.17124 

8.97758 

8.7772 

8.5716 



From these data we immediately compute the first-order 
terms of Jupiter given below. The coefficients are expressed 
in abstract numbers for S^r, / aj , in seconds of arc for S^v^ . 






0.338438916 


9.643539018 


1 


9.792423038 


9.907211461 


2 


9.410262287 


9.779191774 


3 


9.07072476 


9.59673039 


4 


8.7510906 


9.3914979 


5 


8.4430357 


9.173599 


6 


8.1425680 


8.947617 


7 


7.847463 


8.715983 


8 


7.656353 


8.480187 


9 


7.268330 


8.24120 


10 


6.98277 


7.99967 


11 


6.69922 


7.75609 


12 


6.4174 


7.5105 






-0.00001 14252 
+0.00012 45421 
-0.0005333873 
-0.00005 55968 
-0.0000143934 
-0.00000 47600 
-0.0000017772 
-0.00000 07141 
-0.00000 03016 
-0.00000 01320 
-0.0000000593 
-0.00000 00273 
-0.00000 00127 



COS^o 

COS 20q 
cos 3^0 
COS 4^0 
cos oOq 
cos 6^0 
cos 70o 
cos S6q 
cos 96^0 

cos 10^0 
cos 11^0 

cos 12^0 



8,v, = - 



r+ 79.24829 
-195.77043 

- 16.33180 

- 3.754^6 

- 1.15702 

- 0.41297 

- 0.16100 

- 0.06656 

- 0.02868 

- 0.01275 

- 0.00581 

- 0.00269 



sin Oq 
sin 2^0 

sin 3^0 
sin 4^0 

sin 5^0 
sin 6^0 
sin 7^0 
sin 8^0 
sin 9^0 
sin 10^0 
sin 11^0 
sin 12^0 



The corresponding values for Saturn are 
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f +0.00041 67147 
+- 0.00034 91670 cos^o 
+0.00014 74618 cos2^o 
+0.00003 40816 cos 3^0 
+0.0000105662 cos4^o 
+ 0.00000 37863 cos5^o 
+0.0000014794 0036^0 
+0.0000006123 008 7^0 
+0.00000 02639 cos 8^0 
+ 0.0000001173 
+0.00000 00534 
+ 0.0000000247 
+0.0000000116 cos 12^0 J 



cos 9^0 
cos 10^0 

COSll^n 



>,V5= < 



+ 
+ 



+ 

+ 



■103.82924 s 
32.01024 
6.66903 
1.99553 
0.70687 
0.27562 
0.11428 
0.04944 
0.02206 
0.01008 
0.00469 
0.00222 



n2^, 

n3^o 
n4^o 

nee, 

nTSo 

nSOo 

n9do 

n 10^0 

nll^o 

nl2do^ 



We have shown that in order to reduce S,r, / Oj and SjVj 

to Sjr,' / a, and B^Vi' respectively, it is necessary to change 

the coefficient of argument 0^ only, adding Kjai / a, in the 

first case, and subtracting it in the second. This amounts to 

Sr ' 
Red. to -i^ = +0.00052 00157* Red. to 8, V= -107". 26093 

Computation of Second-Obder Tebms. 



With the values obtained for J', a, , ai^ 






were 



computed the coefficients a,,...,q, and a,,...,^*- In 
order then to find the numerical values of Smi, 8«i, 8w,, &?, 
it was necessary to multiply together series having the above 
as coefficients. This multiplication was performed by the 
method of special values as set forth in Hansen's «' Ausein- 
andersetzung, " pp. 159-164, or in Tisseband's ^^Mecanique 
Celeste^^^ Tome IV. The semi-circumference was divided 
into twelve equal parts, and to 6^ were given the thirteen 

equidistant values 0^ 15^ 30% , 180°. It is important 

in these computations to take advantage of any checks 
that may present themselves. When no checks were avail- 
able the computations were repeated. After all the pro- 
ducts had been computed equation (11), determining the 
constant part of the radius- vector, was employed as a partial 
verification of the work. 

1. Computation of ht, and Bzjn,. The numerical 
values of the coefficients entering into hu, and &?, are tabu- 
lated below in terms of their logarithms. It will be 



denoted whether the series (which is a product of two 
other series) is a cosine or a sine series, and by the num- 
bers «+y at the left what is the multiple of the argument 
$Q whose coefficient is opposite. By multiplying by two 
each of the coefficients a, , . . . , a^ . . . , except when 
i == 0, we may regard i-^j as always positive. 





cosine 


cosine 




cosine 


cosine 


*+i 


»^i 


^»i 


tihj 


—ti7i 





3.18127 


3.13068n 


3.39200 


i 3.3767o7t 


1 


2.588179» 


3.260253n 


3.681298 1 3.606168i» 


2 


2.322029 


3.26149771 


3.741587 1 3.3319187J 


3 


2.80822» 


3.1017171 


3.70378 


2.973407t 


4 


3.13372 


3.2100171 


3.61656 


3.07604 


5 


2.44947 


3.1549871 


3.48959 


3.22051 


6 


1.9421 


3.0539871 


3.33996 


3.19793 


7 


1.501 


2.923971 


3.17452 


3.10977 


8 


1.098 


2.77407t 


2.99747 


2.98594 


9 


0.718 


2.6055n 


2.8098 


2.8358 


10 


0.35 


2.424171 


2.6133 


2.6738 


11 


9.95 


2.181771 


2.3949 


2.5658 


12 


9.7 


2.011071 


2.1544 


2.3660 




sine 


sine 


sine 


sine 


i+i 


e<«> 


ibj 


ZiTj 


My 


1 


3.228778n 


2.624453 


3.26422671 1.697713 


2 


3.502560n 


2.976050 


3.25611671 2.4206527* 


3 


3.54078» 


2.95902 


3.0492471 2.]9131n 


4 


3.59282» 


2.84670 


2.96747 


2.73957»» 


6 


3.52926n 


2.67205 


3.16861 


2.64369n 


6 


3.42139n 


2.4729 


3.16214 


2.48659n 


7 


3.28536w 


2.2601 


3.07239 


2.302471 


8 


3.12894n 


2.0379 


2.9536 


2.101471 


9 


2.9597» 


1.812 


2.8096 


1.8936n 


10 


2.7762n 


1.577 


2.7506 


1.680« 


11 


2.5576n 


1.33 


2.5291 


1.4727» 


12 


2.3466n 


1.06 


2.3477 


1.2497. 




sine 


cosine 


cosine 


cosine 


i-\-i 


Wi 


M/ 


^^ 


W/ 







3.6064871 


2.64482 




1 


2.349306 


2.796439 


, 


. 


.... 


2 


2.340560 


2.61453l7t 


3 


.12194( 


) 3.044708 


3 


2.04846 


3.10381 




, . 


• • . • 


4 


2.95404 


3.4611471 








.... 


5 


2.85854 


2.8188071 








» . • • • 


6 


2.69806 


2.3526871 








• . . • 


7 


2.5099 


1.951771 








.... 


8 


2.3051 


1.585671 








.... 


9 


2.0929 


1.24571 








.... 


10 


1.872 


0.92671 








.... 


11 


1.613 


0.57371 








.... 


12 


1.395 


0.28» 








1 . . . . 



In order to find the constant Ig, which enters into 8t/j, 
and at the same time verify the preceding calculations, it 
is necessary to compute the additional products in equation 
(11), namely. 



4/11" 



4% 



da, 2 
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the numerical values of which are tabulated below. The 
same nomenclature is used as before, and the tabulation is 
in the same order in which the terms are here written. 





cosine 


cosine 


cosine 


cosine 


i+j 


-hiSj 


dAj 


a,o. 


a,r, 





^.32522 


3.83271 


3.32522n 


2.5510071 


1 


2.30343 


2.9651071 


2.120567^ 


2.9710071 


2 


2.12794 


2.66130 


2.4533471 


2.8959171 


3 


2.73772 


3.39792n 


2.68638 


2 8820471 


4 


3.28384n 


3.78892 


3.2924871 


2.76675/1 


5 


2.77321n 


3.18525 


2.8209971 


2.8282471 


6 


2.39858n 


2.75328 


2.4936371 


2.8047271 


7 


2.0656n 


2.38169 


2.20678n 


2.7245971 


8 


1.753071 


2.0415 


1.937271 


2.6087971 


9 


1.451n 


1.7187 


1.67371 


2.457971 


10 


1.15871 


1.407 


1.41271 


2.301n 


11 


0.88671 


1.087 


1.14771 


2.06871 


12 


0.6071 


0.80 


0.8971 


1.91171 



It was found that the last three or four coeflBcients (ex- 
-cept the twelfth) obtained by the method of special values 
did not satisfy the checks, whereas the same coef&cients 
•computed by direct multiplication of series did. Hence 
all these coefficients were thus recomputed. In this way 
-were obtained the twelfth coefficients in the sine series, 



which are not given by the method of special values. In 
the cosine series the twelfth coefficient is the same for both 
ways of computing. 

From the above data we get for 8wi and &k, / Wj, 







cosine 


cosine 




i+J 


8u, 


Szi/n, 







3.78191 


. . . . 




1 


4.55980271 


4.501489 




2 


4.554736 


4.569894 




3 


3.84237 


4.0426571 




4 


2.84305 


3.63491 




5 


2.6374 


2.6812 




6 


2.2726 


1.713 




7 


1.909 


1.12571 




8 


1.555 


1.2327i 




9 


1.211 


1.07671 




10 


0.86 


0.7871 




11 


0.09 


0.46 




12 


9.4 


0.45 


We have 








V, 


1 


rs,. 1 .. 2T 


s « _ /• s* 



The numerical values of these quantities are here given. 



V, . 






+0.00000 02267 
-0.0000017952 cos^o 
+0.0000017830 008 2^0 
+0.0000003800 cos 3^0 
-0.0000000332 co8 4d„ 
+0.00000 00076 cos 5^0 
+ 0.00000 00050 cos 6^0 
+0.00000 00025 cos 7^0 
+0.00000 00012 cos 8^0 
+0.00000 00006 cos 9^0 
+0.00000 00003 coslOd. 



Vi = 



-1.09575 
+ 0.64134 
+0.12699 
-0.03725 
-0.00332 
-0.00030 
+ 0.00007 
+0.00007 
+ 0.00005 
+ 0.00002 
-0.00001 
-0.00001 



sin $Q 
sin 2^0 

sin 3^0 
sin 4^0 
sin b$Q 
sin 6^0 
sin 7^0 
sin 8^^, 
sin 9^0 
sin 10^0 
sin 11^0 
sin 12^0 



These values of Sjr, / a^ and 8jy, constitute the solution of the problem for Jupiter^ s coordinates, but, that the 
•expressions for — and v^ may be complete, we add the first- and second-order terms, thus forming the tables 



^-^ 



r 1-0.00001 11985 
-1-0.00012 27470 
-0.0005316043 
-0.0000552168 
-0.0000144266 
-0.00000 47524 
-0.0000017722 
-0.00000 07116 
-0.00000 03004 
-0.00000 01314 
-0.00000 00591 
-0.00000 00272 
-0.00000 00127 



cos^o 
cos 2^0 
cos 3^„ 
cos 4^0 
cos 50o 
cos 6^0- 
cos 7$Q 
cos 8^0 
cos 9^0 
cos 10^0 
cos 11^0 
COS 12^0 > 



f + 78.15254 sin 0^ -] 
-195.12909 sin 2^0 

- 16.20481 sin 3^0 

- 3.79161 sin 4^0 

- 1.16033 sin 5^0 



Vj =r n^t + -< 



0.41327 
0.16093 
0.06649 
0.02863 
0.01273 
0.00582 



sin 6^0 
sin 7^0 
sin 8^0 
sin 9^0 
sin 10^0 
sin 11 ^0 



- 0.00270 sin 12^0 



Digitized by 



Google 



142 



THE ASTKONOMICAL JOURNAL. 



rRNAL. 


N«« 542-543 




cosine 


cosine 


i+J 


Sut 


izt/nt 





4.20364» 


• • • 


1 


6.005768n 


6.074954 


2 


4.04903n 


4.36740 


3 


3.59051n 


4.07674 


4 


3.08096W 


3.71344 . 


5 


2.66093n 


3.37455 


6 


2.25643» 


3.0540 


7 


1.8850» 


2.7447 


8 


1.6294»i 


2.4442 


9 


1.1877« 


2.150 


10 


0.835w 


1.852 


11 


0.13n 


1.34 


12 


9.43n 


0.89 



2. Computation of Btt^ and hz^l n^. Several of the series 
entering into S//, ^^^ ^.Jn^ have already been computed 
as they enter also into Sw, and &2;i / ni . The remaining 
coefficients, in terms of their logarithms, are tabulated 
below. 





cosine 


cosine 


cosine 


cosine 


i+i 


b,b^ 


f*c, 


q<b; 


-Sirs 





3.39116 


3.63496» 


3.32535 3.52548W 


1 


3.541489 


3.849053» 


3.415321 3.622736/1 


2 


3.29549 


3.89o48n 


3.36101 3.42446n 


3 


2.92530 


3.81759n 


3.19688 3.01129/1 


4 


2.52038 


3.79771n 


3.02462 3.29467 


5 


2.09649 


3.68966/1 


2.81428 3.36085 


6 


1.69460 


3.55232n 


2.59122 3.30380 


7 


1.3130 


3.39590n 


2.36141 3.19518 


8 


0.948 


3.22480n 


2.12730 3.05590 


9 


0.595 


3.0439/1 


1.8916 


2.89760 


10 


0.25 


2.8505/1 


1.647 


2.7281 


11 


9.91 


2.6250/1 


1.395 


2.5953 


12 


9.60 


2.4080n 


1.119 


2.4079 




sine 


sine 


cosine cosine 




<ii^i 


UVs 


m<-|-j 


T^i+j 





. . . 


• • • • 


2.8209 


\n ... 


1 


3.169687 


2.848613n 


, , 


... 


2 


3.19792 


2.79111n 


3.2980 


3« 2.64967n 


3 


3.09005 


3.00085n 


, , 


• . . 


4 


3.05805 


3.00635/i 


, 


1 ... 


5 


2.91879 


2.88634n 


, 




6 


2.74412 


2.72391/1 


, 


. . • 


7 


2.55063 


2.53883n 


1 

1 ' * 


. . . 


8 


2.34727 


2.3401 n 


1 

1 ■ * 


1 . . . 


9 


2.1352 


2.1324/1 


1 • • 


« . 


10 


1.9187 


1.91 53/i 


1 , . 


. . . 


11 


1.7057 


1.684/1 


1 . . 


1 


12 


1.503 


1.428/1 


i • • 


! '. '. . 



There is one additional product needed for hz^ / n^ and 
three for the numerical expression of equation* (14). These 
are, respectively, 

2^' 4V' V' W 
The coefficients of these products are given "below in the 
same order in which they occur here. Then 8Wj and hz^ / n^ 
have the values given. 





cosine 


cosine 


cosine 


cosme 


i+j 


^iVJ 


—WiJ 


ViVj 


Bihj 





3.22296n 


3.38700 


3.59894 


3.38700/1 


1 


3.669376/1 


3.48381 


3.62334 


3.83723/1 


2 


3.56529/1 


2.35849/i 


3.62027 


3.92742/1 


3 


3.32728/1 


3.25359;i 


3.60254 


3.81581/1 


4 


3.01265/1 


3.18388/1 


3.37820 


3.63415/1 


5 


2.66516n 


2.94751/i 


3.08329 


3.40628/1 


6 , 


2.33235/1 


2.68587/i 


2.78977 


3.16908/1 


7 


2.00986/1 


2.41787/i 


2.50202 


2.92815/1 


8 


1.7018n 


2.1475/1 


2.2185 


2.6852/1 


9 


1.398371 


1.8775/1 


1.9386 


2.4422/1 


10 


1.106n 


1.6090/1 


3.6602 


2.192/1 


11 


0.80/1 


1.3485/1 


1.378 


1.937/1 


12 


0.46/1 


1.0995/1 


1.080 


1.655/1 



As in the case of r^ and Vj we have 

S r 

-L! = i [8'^2-i'^2'] , 3,^2 = fhz^dt 
a^ J 

8 r ' 
In order to determine -— and S^Vj', the second-order per- 
a, 

turbations of Satum^s coordinates when referred to the 
center of the sun, we must apply to the former the follow- 
ing reductions respectively : — 

+ i 'c,' ^] (1 -cos2^o) +'^J^rj ^^3 ^0 + (Vi~ W sin e^ 
and 
+ i K,^ ^, sin 26,- K, ^1 h - 1=) sin e,--{^v,^h,v,) cos 6^ 

In order to show the amount of these reductions the 

values of -^ and 83^2 ^^^ placed beside them below. In 
a^ 

-^ and its reduction the numbers are expressed in units of 



the tenth decimal. 




1 
2 — 

3 

4 

5 

6 

7 

S 

9 
10 
11 
12 



cosine 
as 



Reduction 



- 9222 


-h 690 


-52407 


-4318 


- 6585 


- 477 


- 236S 


+ 1374 


- 768 


-1- 109 


- 286 


+ 22 ^ 



115 

49 

21 

10 

4 

1 





6 
2 









sine 
&r2 



-1.65252 
-0.16202 
-0.05531 
-0.01797 
-0.00659 
-0.00262 
-0.00110 
-0.00048 
-0.00022 
-0.00010 
-0.00003 
-0.00001 



Reduction 



-0.04982 

+ 0.02275 

-0.02554 

-0.00211 

-0.00051 

-0.00017 

-0.00007 

-0.00003 

-0.00001 

0.00000 

0.00000 

0.00000 



We can now form the tables for t^' /sl^ and v^'. 
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r 1+0.00041 58615 
+0.00086 35112 
+0.00014 67556 
+0.0000339822 
+0.0000105003 
+ 0.0000037599 
+ 0.0000014685 
+ 0.00000 06076 
+ 0.00000 02618 
+ 0.0000001163 
+0.0000000530 
+ 0.00000 00246 
+ 0.00000 00116 



cos^o 
cos 2^0 
cos 3^0 
cos 4^0 
cos 5^0 
cos 6^0 " 
cos 7$Q 
cos 8^0 
cos 9^0 
cos 10^0 

COS 11^0 

cos 12^0 



vj = n^+ < 



r- 5.13402 
+ 31.87097 

+ 6.58817 

+ 1.97545 

+ 0.69977 

+ 0.27283 

+ 0.11311 

+ 0.04893 

+ 0.02183 

+ 0.00998 

+ 0.00466 

+ 0.00221 



sin Oq 
sin 2^0 

sin 3(^0 
sin 4^0 
sin5^o 

sin 6^0 
sin 7 ^0 
sin 8^0 
sin 9^0 
sin 10^0 

sin 11^0 
sin 12 ft 



'^ J 



Thus we get 

- = 1 + 1 J, cost (/j-/,) 
Vi = /i+l^, sin t (/,-/,) 
~ = 1 + 1 .4/ cos i (/j— /,) 

vJ = ^,+ 1' B/ sin i (l^—li) 

1 

Leander McCormick Observatory^ 1903 May 15. 



If we refer the coordinates to axes intersecting in the 
Sun, and rotating in the direction of motion with the uni- 
form velocity nj , it is evident that we may write 

Vj—^ == Wi s= 2; B^ sin ikt 

1 

Vg'— Zj = w^ = kt -{- 3: B/ sin i kt 

1 

where k = 71^—71^. Then all the coordinates are periodic 
' with respect to the time. 



WHITE SPOT OX SATURN, 

By E. E. BARNARD. 



I always make a habit of looking at Saturn frequently 
during the time the planet is visible each year. In all the 
observations I have ever made of it, I had never seen any 
marking that could be used for determining the rotation 
period. On June 15th, at 15** 0", while examining the 
planet with the 40-inch, I noticed a decided bright spot 
half way from the central meridian of the planet and the 
following limb. The sky immediately clouded over, and no 
opportunity occurred to see the spot again until this morn- 
ing (a.m. of June 24). 

On this occasion the spot was very noticeable, and was 
preceded by a smaller white spot, which was separated 
from the main spot by a small dusky patch extending 
north and south. This dusky patch was estimated to be 
in transit at 2^ 59". 

At 15** 3" the following measures were made : 

Center of spot fol. p. limb 11.7 (2) 

Center of spot pre. f. limb 6.1 (2) 

At 15** 7"* its center was 



11.8 (2) 
5.7 (2) 



Dist. from S. limb 
Dist. from X. limb 

When on the central meridian the east and west diameter 
was 2".6, from one setting of the wires. The spot was 
then slightly elongated, and very luminous, though not 
definitely defined. 



In transit the position was 

From S. limb 11*5 J (2) 

From N. limb 6.00 (2) 

This would make it 2^75 north of the center of the 
disc. 

The rotational motion of the spot was rapid. 
The following careful records were made: 

h m 

15 37 the large white spot is now in transit. 
15 42 I think it is now in transit. 
15 50 it is certainly past transit. 
15 55 it is noticeably past transit. 

I think the second observation is perhaps the best, and 
have adopted it for the time of transit, viz. : 

June 23 15** 42"* Central St'd Time (6** 0"* slow of G.M.T.), 

At 16** 0"* the spot was strikingly distinct, and a little 
elongated. At this time no other spot was visible, so it 
will be easy to definitely identify it for determination of 
the rotation period. The belt south of the spot was very 
heavy, and was extended out to the south. 

The spot was observed again last night, with the 12-inch 
and a power of about 300 diameters. 

It was decidedly conspicuous, and when in transit was 
somewhat elongated. 
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The following observations of its transit were made : 

h m 

June 24 12 48 not quite in transit. 
12 52 " " " 

12 54 ** « " 

12 55 transit, or not quite. 

12 58 transit. 

13 transit. 

13 2 past transit. 

Terkea Obsermtory, Williams Bay, Wis., 1003 June 25. 



h m 

June 24 13 4 perhaps past. 

13 7 certainly past transit. 
13 11 noticeably past. 
13 13 conspicuously past. 

At transit there was no other spot visible, 
transit was perhaps close to 



The central 



June 24** 12'» 58" Central Standard Time. 



COMET c 1903. 

[From Ritchie's Circular of July 6, No. 135.] 

A message received from Dr. Kbeutz, via Harvard Col- 
lege Observatory, on June 22, announced the discovery of 
a comet with nucleus by Bobrklly, of Marseilles, on June 
21. Subsequent positions were received from Lick Observ- 
atory and from Professor Payne, which are given below. 

From observations of June 22, 23 and 24, Mr. Bellamy 
has computed the following approximate 

Elements. 
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OBSERVATIONS OF THE SATELLITE OF JSTEPTUNE, 

MADE WITH THE 26-INCH EQUATOBIAL AT THE U.S. NAVAL OB8BRVATOBT, 

By W. W. DINWIDDIE. 
[Communicated by Captain C. M. Chestbb, U.S.N., Superintendent.] 



All of the following measures were made by double dis- 
tances, five comparisons on each side of coincidence ; and 
ten position angles. The center of Neptune was bisected 
in each case. A magnifying power of six hundred diame- 
ters was used. The measures have been corrected for 



refraction. An unusual amount of cloudy weather this 
season prevented a greater number of observations being 
secured. The seeing has been uniformly bad, except on 
Oct. 30, Nov. 1, and Dec. 5. 
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SUNSPOT OBSERVATIONS, 

made at beuwtn, penn., with a 4i>inch befbactob, 
By a. W. QUIMBY. 
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OBSERVATIONS OF MINOR PLANETS, 

MADE WITH THE 12-INCH EQUATORIAL AT THE U. 8. NAVAL OBSERVATOBT, 

By J. C. HAMMOND. 
[Communicated by Captain C. M. Chestkr, U.S.N., Superintendent.] 
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OBSERVATIONS OF COMETH 1902 (giacobini), 

hade with the 26-inch equatorial at the u.s. naval 0b8ebvat0by, 

By W. W. DINWIDDIE. 

[Communicated by Captain C. M. Chester, U.S.N., Superintendent.] 



1902-3 Wash. M.T. 


* 


Comp. 


Ja 


jB 


App.a 


A pp. 


logpA 


Red. to App. PI. 


Dec. 18 12" 26" 28 


1 


tl5, 2 


m s 

-0 48.39 


+ 1' 35*1 


h 111 • 

7 11 15.14 


+ o'' 44' 20^3 


719.053 


0.733 


+4^65 -15'l 


26 


10 44 23 


2 


10,10 


+0 "3.00 


+ 3 22.8 


7 6 27.16 


-h 2 33 14.6 


n9.370 


0.718 


+4.81 -16.1 


1 Jan. 17 


12 12 30 


3 


10,10 


+0 6.91 


+ 40.9 


6 50 39.24 


+ 90 33.8 


9.129 


0.644 


+ 1.94 -12.6 


18 


8 17 49 


4 


10,10 


-0 21.82 


+ 10 6.7 


6 50 4.49 


-h 9 16 59.6 


n9.481 


0.662 


+ 1.93 -12.6 


22 


11 27 30 


5 


10,10 


-0 37.19 


- 3 34.9 


6 47 17.18 


-hlO 38 45.7 


8.963 


0.619 


+ 1.94 -12.8 


Feb. 4 


9 36 5 


6 


as, 8 


-0 37.13 


+ 57.8 


6 40 12.42 


+ 14 56 34.3 


w8.454 


0.550 


+1.90 -12.3 


5 


8 28 12 


7 


i!39 , 10 


-0 49.44 


- 1 40.1 


6 39 49.28 


+ 15 15 20.4 


?i9.163 


0.555 


+ 1.90 -12.3 


22 


7 55 39 


8 


t29, 6 


+ 2 16.08 


- 3 10.8 


6 36 31.16 


+20 31 5.8 


w8.856 


0.443 


+ 1.80 -10.8 


23 


8 4 14 


9 


10.10 


-0 5.99 


+ 19.1 


6 36 33.63 


+20 48 27.3 


nSSoS 


0.434 


+ 1.80 -10.8 


26 


8 33 44 


10 


10,10 


-0 20.89 


- 1 37.6 


6 36 51.07 


+ 21 39 24.9 


8.627 


0.413 


+1.75 _io.4 


Mar. 1 


9 18 


11 


10,10 


-0 7.51 


- 6 38.8 


6 37 23.69 


+ 22 28 40.2 9.091 


0.405 


+ 1.70 -10.0 


3 


10 31 39 


12 


t32, 6 


-1 11.79 


+ 5 21.4 


6 37 54.55 


+23 1 20.9 


9.496 


0.474 


+ 1.67 - 9.9 


17 


9 15 19 


13 


10,10 


-0 24.83 


- 3 36.1 


6 44 23.86 


+26 20 56.0 


9.434 


0.371 


+ 1.48 - 8.6 


18 


9 56 34 


14 


t25, 5 


-0 49.08 


+ 3 25.8 


6 45 4.72 


+ 26 34 15.9 


9.545 


0.430 


+ 1.47 - 8.6 


Apr. 17 


8 34 15 


15 


tl2, 6 


+ 1.11.47 


+ 4 4.7 


7 15 14.85 


+ 31 36 43.0 


9.577 


0.328 


+ 1.04 - 7.0 


18 


8 45 10 


16 


<11, 6 


-1 17.54 


+ 6 41.9 


7 16 34.34 


+31 44 17.5 


9.602 


0.356 


+ 1.04 - 7.0 


27 


9 33 32 


17 


10,10 


+0 20.54 


- 6 13.0 


7 29 8.01 


+32 44 51.3 


9.696 


0.494 


+0.89 - 6.5 



Mean Places of Comparison- Stars for the beginning of the year. 



Comparisons in a were made by transits when marked t, otherwise Ja was determined by the micrometer. 



OBSERVATIONS OF COMET ?> 1902 (perrtne), 

MADE WITH THE 26-INCH EQUATORIAL AT THE U. 8. NAVAL OBSERVATORY, 

By C. W. FREDERICK. 
[Communicated by Captain C. M. Chester, U.S.N., Superintendent.] 



* 


a 


S 


Authority 


* 


a 


8 


Authority 


1 


7 11 58.88 


+ 43 0.3 


Nicolajew, A.G. 2097 


9 


tl III 

6 36 37.82 


+20^^ 48 19.0 


Berlin B, A.G. 2535 


2 


7 6 19.35 


+ 2 30 7.9 


Albany, A.G. 2677 


10 


6 37 10.21 


+ 21 41 12.9 


Berlin B, A.G. 2543 










11 


6 37 29.50 


+ 22 35 29.0 


Berlin B, A.G. 2545 


3 


6 50 30.39 


+ 9 5.5 


Leipzig II, A.G. 3353 


12 


6 39 4.67 


+22 56 9.4 


Berlin B, A.G. 2564 


4 


6 50 24.38 


+ 9 7 5.5 


Leipzig II, A.G. 3348 


13 


6 44 47.21 


+26 24 40.7 


Camb., Eng., A.G. 3532 


5 


6 47 52.43 


+ 10 42 32.4 


Leipzig I, A.G. 2557 


14 


6 45 52.33 


+ 26 30 58.7 


Camb., Eng., A.G. 3547 


6 


6 40 47.65 


+ 14 55 48.8 


Leipzig I, A.G. 2477 


15 


7 14 2.34 


+31 32 45 3 


Leiden, A.G. 3076 


7 


6 40 36.82 


+ 15 17 12.8 


Berlin A, A.G. 2369 


16 


7 17 50.84 


+ 31 37 42.6 


Leiden, A.G. 3113 ; 


8 


6 34 13.28 


+ 20 34 27.4 


Berlin B, A.G. 2511 


17 


7 28 46.58 


+32 51 10.8 


Leiden, A.G. 3192 1 



1903 Washington M.T. 


* 


Comp. 


Ja 


j8 


App.a 


App. 8 


logpA 


1 Red. to App. PI. 


Feb. 5 


h m 8 

11 8 


1 


23,5 


Ul 8 

+ 1 37.17 


-5 24*2 


h lU 8 

8 3 39.73 


-33^23 12*4 


n7M2 


0.922 


+ 2.27 -17*4 


5 


11 15 47 


1 


20,4 


+ 1 32.89 


-4 32.7 


8 3 35.45 


-33 22 20.9 


8.483 


0.922 


+ 2.27 -17.4 


20 


9 45 57 


2 


21.6 


+ 1 37.64 


-2 22.2 


6 54 39.38 


-18 9 39.2 


9.023 


0.864 


+ 1.70 -20.7 


21 


10 50 12 


3 


dlO , 10 


-0 10.45 


+6 34.7 


6 52 0.15 


-17 20 1.5 


9.385 


0.846 


+ 1.69 -20.7 


22 


8 59 15 


4 


dlO , 10 


-0 26.32 


+ 33.5 


6 49 48.93 


-16 37 52.0 


8.538 


0.859 


+ 1.67 -20.7 


23 


10 33 14 


5 


dlO , 10 


+0 10.96 


-7 35.9 


6 47 27.49 


-15 50 46.5 


9.366 


0.840 


+ 1.64 -20.6 


25 


9 33 30 


6 


27,6 


+1 24.29 


-3 34.5 


6 43 33.66 


-14 29 8.8 


9.146 


0.843 


+ 1.58 -20.4 


26 


9 5 50 


7 


(flO,10 


+0 9.89 


-5 52.0 


6 41 48.59 


-13 50 22.5 


8.982 


0.842 +1.56 -20.3 ' 


Mar. 1 


7 59 51 


8 


28, 6 


+ 44.27 


+4 12.9 


6 37 12.53 


-12 1 37.7 


7^7.746 


0.833 


+ 1.47 -20.1 j 


3 


8 58 42 


9 


rflO , 10 


-0 28.72 


-4 55.4 


6 34 34.11 


-10 53 1.6 


9.126 0.822 


+ 1.43 -19.9 ! 


4 


8 44 47 


10 


24,0 


+2 12.40 


+ 1 46.8 


6 33 25.78 


-10 21 28.8 


9.065 


0.820 


+ 1.39 -19.9 


17 


8 33 42 


11 


20,6 


+ 1 49.37 


-1 53.0 


6 24 51.16 


- 4 54 30.4 


9.314 


0.778 


+ 1.15 -18.6 


18 


8 39 40 


12 


30,6 


+ 48.12 


-3 17.5 


6 24 34.39 


- 4 34 37.5 


9.350 0.775 


+ 1.14 -18.6 ; 


20 


8 17 59 


15 


26,6 


-1 23.35 


-2 44.6 


6 24 7.97 


- 3 57 13.2 


9.301 


0.772 +1.12 -18.5 1 


25 


7 49 29 


16 


dl0,5 


-0 20.19 


1 -5 41.4 


6 23 39.73 


- 2 32 48.8 


9.266 


0.761 


+ 1.03 -17.8 ! 


26 


8 23 8 


18 


dlO , 10 


+0 11.91 


-0 24.4 


6 23 39.79 


- 2 17 0.4 


9.398 


0.757 


+ 1.01 -17.8 1 
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Mean Places 


of Comparison- Stars /< 


or the beginning of the 


year. 


* 


a 


8 


Authority 


* 


a 


s 


Authority 




h m • 


O / If 






h in s 


O ' # I 


1 


8 2 0.29 


-33 17 30.8 


C.G.C. 10728 


10 


6 31 11.99 


-10 22 55.7 


Camh., U.S., A.G.Zones ' 


2 


6 53 0.04 


-18 6 56.3 


Washington, A.G.Zones 


11 


6 23 0.64 


- 4 52 18.8 


Strassburg, A.G. Zones ! 


3 


6 52 8.91 


-17 26 15.5 


Washington, A G.Zones 


12 


6 23 45.13 


- 4 31 1.4 ! Strassburg, A.G.Zones | 


4 


6 50 13.58 


-16 38 4.8 


Washington, A.G.Zones 


13 


.6 25 57.57 


- 3 38 45.9 Strassburg, A. G.Zones | 


5 


6 47 14.89 


-15 42 50.0 


Washington, A.G.Zones 


14 


6 25 45.21 


- 3 46 56.6 ; Mic. Comp. with *13 


6 


6 42 7.79 


-14 25 13.9 


Washin gton , A . G. Zones 


15 


6 25 30.20 


- 3 54 10.1 Mic. Comp. witb *14 | 


7 


6 41 37.14 


-13 44 10.2 


Camb..U.S.,A.G.Zones 


16 


6 23 58.89 


- 2 26 49.6 Strassburg, A.G. Zones , 


8 


6 36 26.79 


-12 5 30.5 


Carab., US., A.G.Zones 


17 


6 22 41.55 


*2 ^ 2 fi ' U StrawbiirK. A.G. Zone* { 1 
— ^ \f ^.O 1 ^ Nicolajew. A.0. 1691 $ ' 


9 


6 35 1.40 


-10 47 46.3 


Camb., U.S., A.G.Zones 


18 


6 23 26.87 


- 2 16 18.2 1 Mic. Comp. with *17. | 



The second observation by W. W. Dinwiddie. Comparisons ia a were determined by the micrometer when marked d, otherwise 
by transits. The comet was best seen at the last observation. Continued cloudy weather prevented further observations. 



SEARCHING EPHEMERIS FOR APPEARANCE IN 1903 OF COMET 1896 V. 

Continued from A.J. 584, as Abridged from M. Ebell^s Communication in A,N. 8881. 
Boston M.T. Assumed Per. Pass. June 6.6 Assumed Per. Pass. June 22.5 Assumed Per. Pass. July 8.5 





a 


8 


a 


8 


Br. 


a 


S 


IMS 


b m • 


O / 


h in ■ 


O / 




b m • 


O 1 


July 16.6 


2 32 34 


+ 17 30.6 


1 59 36 


+ 17 33.9 


2.65 


1 18 42 


+17 32.9 


20.5 






2 10 22 


+ 17 67.4 








24.6 


2 63 9 


+ 18 2.9 


2 20 51 


+ 18 16.6 


2.60 


1 40 13 


+ 18 29.4 


28.6 






2 31 1 


+ 18 31.3 








Aug. 1.5 


3 12 29 


+18 19.7 


2 40 61 


+18 41.6 


2.64 


2 32 


+19 4.7 


6.5 






2 60 19 


+ 18 47.5 








9.5 


3 30 23 


+ 18 21.9 


2 59 22 


+ 18 49.1 


2.67 


2 19 19 


+ 19 19.1 


13.5 






3 7 69 


+ 18 46.5 








17.5 


3 46 40 


+ 18 9.9 


3 16 7 


+ 18 39.7 


2.69 


2 36 12 


+ 19 12.0 


21.5 






3 23 45 


+ 18 28.8 








26.6 


4 16 


+ 17 44.9 


3 30 60 


+ 18 14.0 


2.70 


2 50 52 


+ 18 44.3 


29.5 






3 37 20 


+ 17 56.4 








Sept. 2.6 


4 13 30 


+ 17 7.7 


3 43 15 


+ 17 33.2 


2.70 


3 2 56 


+ 17 56.2 


6.6 






3 48 32 


+ 17 7.4 








10.6 


4 23 42 


+ 16 19.6 


3 53 10 


+ 16 38.3 


2.70 


3 12 11 


+ 16 49.6 


14.5 






3 67 8 


+ 16 6.0 








18.6 


4 31 30 


+ 16 21.7 


. 4 23 


+ 16 30.8 


2.69 


3 18 18 


+ 16 25.7 


22.6 






4 2 56 


+ 14 52.8 








26.5 


4 36 44 


+ 14 15.4 


4 4 43 


+ 14 12.2 


2.66 


3 21 24 


+ 13 47.4 



Unit of brightness assumed as for 1897 Jan. 4, when last seen. At discovery in 1896 it was 11>li2m (Br. = 2.98.) 
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ON THE FIFTH SATELLITE OF JUPITER, 

By E. E. BARNARD. 



The large southern declination of Jupiter, and the conse- I 
quent low altitude of the planet, even when on the meridian, 
have made it impossible to secure any measures of the fifth 
satellite from the spring of 1899, until the past summer 
and fall. 

Though it was looked for at different times in the inter- 
val, when the conditions were favorable, and the oppor- 
tunity occurred, it could not be seen. 

In the latter part of July, and in August and September 
of the past year, the satellite was again observed, but it j 
was at all times difficult to measure. Fortunately the , 
elongations occurred when the planet was near the meridian ; I 
otherwise it would have been impossible to secure the I 
measures. Even when the seeing was best the satellite ' 
was difficult from the low altitude. I 

The following west elongation times were observed in j 
1902. They are 6^ O"* slow of G.M.T. 



July 28 
Aug. 25 
Sept. 9 



13 od.o 
11 28.7 
10 6.3 



Reducing these to the Sun of 1892 Oct. 9, we have 

Julian Day 5, 959.590750 

5, 987.490542 

6, 002.434626 

The following west elongations were observed in 1892. 
They are 8** 0™ 0" slow of G.M.T. 



d 

Oct. 9 
17 
23 
28 


h m 

16 3 
15 17 
14 48 
14 26 


d h m 

Nov. 4 13 44 
11 13 6 
18 12 25 


These reduced to the elongation of 1892 Oct. 9 give 


Julian Day 2, 381.669584 
MSCy66 
.668628 
.672942 


Julian Day 2, 381.670025 
.669880 
.664901 

Mean 2, 381.669231 



mal elongation time for 1892 Oct. 9, we get the following 
three Tahies of the periodic time : 



From the three elongations of 1902, above, and the nor- ' 



0.49817899 
0.49817923 
0.49817906 



7182 periods 
7238 '* 
7268 " 



Mean 0.49817909 ±0^.00000006 

The sidereal period of the satellite is, therefore, 

OM 1»» 57™ 22'.6698 ± 0V0052 

The probable error of a single determination is ± 0^.007 . 
The mean daily motion in the orbit is, 722*'.631636. 

The following are comparisons of the predicted times of 
west elongation from the ** Connaissaiice des Temps " for 
1902, and the observed times. They are all in Paris mean 
time. 



Pred. 1902 July 28 20 11.4 
Aug. 25 17 38.4 
Sept. 9 16 17.4 



Obs'd July 28 20 8.9 
Aug. 25 17 38.1 
Sept 9 16 15.7 

Mean 



C — O 

+2.5 
+0.3 
+ 1.7 

+ 1.5 



It would seem, therefore, that the satellite was about 
one and a half minutes ahead of its predicted time, which 
rested upon the periodic time derived by Dr. Cohn. 

As in the previous observations of this object, a piece of 
smoked mica covering one-half of the field was placed in 
front of the field-lens of the eye-piece — between it and 
the wires. This dulled the light of Jupiter so that the 
planet could be distinctly seen and measured, the eye at the 
same time not being blinded to the feeble light of the sat- 
ellite which was visible in the unobscured part of the field. 
It is by this means only that this object can be referred 
direct to Jnjnter, I have previously called attention to 
the fact that my measures of the diameters of Jujnter with 
the 36-inch of the Lick Observatory were made through 
similar smoked mica. These diameters are therefore speci- 
ally suited for reducing these observations of the satellite 
to the center of the planet. 

Miss E. E. Dobbin, of the University of Chicago, has 
recently undertaken a new determination of the orbit of 

(149) 
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this satellite, under the supervision of Dr. Kurt Laves. 
Miss Dobbin will use all the measures obtained here with 
the 40-inch in the years 1898, 1899 and 1902, and will base 
her work on Dr. Cohn's orbit, A.N. 3404. Until her im- 
portant investigation is finished, it has seemed desirable in 
sending the present list of measures to the Astronoimcal 
Journal^ to make some effort to approximately determine 
some of the elements of the orbit (by another method than 
that which she will use), in which the elongation distances 
alone are taken into account. 

In 1894, TissERAND, from the observations made up to 
December of 1893, during which time the satellite had been 
under observation, but little more than a year, computed 
certain elements of the orbit from the observed elongation 
distances (C.R., CXIX, No. 15, for 1894 Oct. 8). 

The great polar compression of Jupiter must produce a 
large motion in the orbit of this satellite. From the known 
compression of Jvpiter Tisserand computed the amount of 
this motion, which he found to be 882** a year in a positive 
direction, or a complete revolution of the orbit in about 
five months. With this motion, and the elongation dis- 
tances measured by the writer at the Lick Observatory, he 
derived the mean distance, the eccentricity and the longi- 
tude of the perijove of the satellite's orbit. These elements 
represented the observations with great exactness. 

His elements were 



a = 47".906 



e = 0.0073 



ia^ (the longitude of the perijove) = — 4** epoch 1892 Nov. 1. 
The daily motion of the orbit used by Tisserand was 
i^ = +2^42. 

No matter how well the orbit of this satellite may be 
determined, it is impossible, on account of the rapid motion 
of the line of apsides, to get a fair representation of the 
observations unless the motion of the perijove has been 
well determined. This very fact also militates against a 
satisfactory determination of the orbit from observations 
extending over any considerable period of time. 

The values of the polar compression of Jvpiter from the 
various measures of his diameters are very discordant. 
There is, furthermore, a characteristic difference between 
the compression derived from filar-micrometer and from 
heliometer measures amounting to about one unit in its 
value. 

Not being satisfied with the way in which my measures 
with the 40-inch refractor were represented in 1898 and 
1899 by Tisserand's elements, I varied his motion of the 
perijove until these observations were satisfied. At the 
same time the measures of 1892 and 1893 were, if any- 
thing, better represented than with Tisserand's motion 
(see A.J. 472, Vol. XX, p. 126). It was then shown that 
by accelerating the motion of the line of apsides to 900** a 
year a very close agreement was obtained between obser- 
vation and theory over the entire six or seven years. The 



observed elongation distances up to 1902 July 28 are repre- 
sented with great exactness with this combination of Tis- 
serand's elements and my value of the apsidal motion. 
But for the other measures of 1902, with the exception of 
Oct. 7, which is closely represented, the results are disap- 
pointing, and I believe the discordances are not warranted 
by the character of the observations. 

A comparison of various ephemerides (computed from 
different elements) with the observations, shows that Tis- 
serand's elements with his motion of the line of apsides, 
give a fair representation of all the observations. The 
agreement between observation and calculation is remark- 
able, with the exception of the measures of 1899. But the 
observations of 1899 are, I believe, very exact, especially 
the elongation distance of May 1, which is combined with 
that of April 25, with which it is accordant, to form the 
normal of April 28. 

In A.y. 3403-4, Dr. Fritz Cohn, using the observations 
made by Hermann Struve at Pulkowa, and by the writer 
at the Lick Observatory up to the end of 1894, made a 
thorough investigation of the orbit of the satellite. He 
did not derive the mean distance from the elongation dis- 
tances, as was done by Tisserand, but determined it from 
a modification of Kepler's third law in which he took into 
account the motion of the line of apsides. 

Of these elements, the values with which we are con- 
cerned, are 

a = 48".065 
e = 0.00501 
01, = 207^2 Epoch 1892 Nov. 1 

The motion of the perijove determined by him was 911°.7 
a year, or +2°.4961 daily. 

This motion differed from Tisserand's value by 30° a 
year, while the longitude of the perijove was 149° less than 
Tisserand's. It is evident that one or the other of these 
computations must be very badly out. 

I have shown that with an increase of 18° annually in 
Tisserand's motion his other elements closely represented 
the place of the satellite up to the end of the observations 
in 1899, while those of Cohn gave badly discordant results. 
A comparison of the residuals (O—C) from an ephemeris 
of each is given in the following table : 









CoHM, using 




riSSERAND 


Cohn 


Tisserand's m^ 


1892 Sept. 12 


+o!o3 


+o'.26 


-oW 


Oct. 8 


-0.11 


+0.27 


-0.16 


19 


-0.11 


-0.66 


-0.36 


26 


+0.07 


+0.15 


-0.02 


Nov. 10 


+0.08 


-0.22 


-0.08 


12 


+0.02 


+0.05 


-0.13 


1893 Sept. 27 


-0.07 


-0.65 


-0.25 


Nov. 12 


+ 0.03 


-0.29 


-0.23 


Dec. 10 


0.00 


+0.29 


-0.13 


1894 Dec. 3 


+0.15 


-0.03 


+0.12 


1898 Mar. 15 


0.00 


-0.14 


+0.14 


1899 May 6 


+0.09 


+0.30 


+ 0.08 


June 16 


+ 0.05 


-0.25 


+ 0.18 
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It would seem from this comparison that Tisserand's 
results are nearer the truth. If, however, we reject Cohn's 
longitude of the perijove and substitute, instead, Tis- 
serand's value, there is a great improvement in the results, 
as will be seen from the residuals in last column above. 

This would seem to show that Cohn's longitude of the 
perijove is wrong, and this is further proved to be true later on. 

In trying to get a satisfactory agreement between calcu- 



lation and observation, I have computed nearly twenty 
ephemerides from different elements, several sets of which 
have been computed new, or by varying portions of them. 

The results in general would almost leave one in doubt 
as to what the motion of the orbit really is. 

Some of these comparisons may be of interest. A 
few of them are therefore incorporated in the following 
table : 



Table of Residuals from Various Elements. 



3 



6 



10 



11 



1892 Sept. 12 


+0.03 


+0.12 


0.00 


+0.26 


+0.02 


+0.01 


-0.01 


+0.01 


-0.01 


-0.06 


-0.02 


Oct. 8 


-0.11 


+0.02 


-0.11 


+0.27 


-0.11 


-0.01 


-O.lo 


-0.04 


-0.03 


-0.13 


-0.07 


19 


-0.11 


-0.27 


-0.36 


-0.66 


-0.11 


-0.31 


-0.11 


-0.25 


-0.23 


-0.16 


-0.17 


26 


+0.06 


+0.11 


-0.02 


+0.15 


+0.07 


+0.14 


+0.05 


+0.14 


+0.17 


+ 0.11 


+0.15 


Nov. 10 


+ 0.09 


0.00 


-0.12 


-0.22 


+0.07 


+0.07 


+0.07 


+ 0.09 


+0.14 


+0.13 


+ 0.15 


12 


+0.02 


+0.05 


-0.06 


+0.06 


+ 0.03 


-0.05 


0.00 


-0.03 


-0.09 


-0.06 


-0.03 


1893 Sept. 27 


-0.07 


-0.23 


-0.34 


-0.62 


-0.16 


-0.21 


-0.16 


-0.17 


-0.08 


-0.24 


-0.21 


Nov. 12 


+ 0.03 


-0.08 


-0.17 


-0.29 


+ 0.11 


-0.35 


+0.10 


-0.01 


-0.01 


+0.15 


+0.13 


Dec. 10 


0.00 


+ 0.10 


-0.02 


+ 0.29 


+0.09 


+0.26 


+ 0.07 


+0.07 


+0.04 


+ 0.16 


+0.16 


1894 Dec. 3 


+0.15 


+ 0.13 


0.00 


-0.07 


-0.02 


+ 0.06 


-0.04 


+ 0.06 


-0.02 


-0.02 


+0.03 


1898 Mar. 4 


-0.10 


0.00 


-0.13 


-0.04 


+ 0.34 


+0.07 


+0.18 


+0.03 


-0.01 


+0.01 


+0.03 


Apr. 5 


+0.32 


+ 0.18 


+0.07 


-0.17 


-0.12 


-0.03 


+ 0.16 


-0.09 


-0.06 


-0.19 


-0.13 


1899 Apr. 28 


+0.16 


+ 0.28 


+ 0.16 


+ 0.38 


+ 0.72 


+0.64 


+ 0.42 


+0.58 


+ 0.57 


+ 0.06 


+ 0.10 


May 23 


+0.07 


+ 0.19 


+0.06 


+0.12 


+ 0.42 


+ 0.36 


+0.39 


+ 0.35 


+0.30 


+ 0.02 


+0.07 


June 16 


+0.05 


+ 0.01 


-0.12 


-0.28 


-0.17 


-0.10 


-0.20 


-0.06 


-0.16 


-0.19 


-0.19 


1902 July 28 


-0.03 


-0.08 


-0.20 


-0.32 


0.00 


-0.01 


+ 0.01 


+0.03 


-0.08 


+0.03 


+ 0.04 


Aug. 5 


+ 0.22 


+0.11 


0.00 


+0.13 


+ 0.01 


+0.05 


+0.17 


+ 0.02 


-0.04 


+0.04 


+0.06 


25 


+ 0.58 


+0.36 


+0.27 


+0.20 


-0.07 


+0.03 


+ 0.22 


0.00 


-0.01 


-0.08 


-0.03 


Sept. 9 


+0.61 


+0.40 


+0.31 


+ 0.31 


-0.06 


+0.18 


+ 0.24 


0.00 


+0.04 


-0.10 


-0.06 


Oct. 7 


+0.07 


+ 0.05 


-0.06 


+0.04 


+0.04 


-0.01 


+ 0.03 


0.00 


+0.10 


-0.03 


0.00 



Elements used for the ephemerides from which the above 
table of residuals was determined : 





a 


c 


a>o 


0), 


Epoch 




§ 




o / 







1 


47.906 


0.0073 


- 4 - 


+ 2.466 


1892 Nov. 1 


2 


47.945 


0.0036 


-18 30 


+ 2.466 


« t< 


3 


48.060 


0.0041 


-18 30 


+ 2.466 


(( a 


4 


48.065 


0.00501 


207 12 


+2.4961 


u u 


5 


47.906 


0.0073 


- 4 - 


+ 2.42 


<( 11 


6 


47.958 


0.00426 


7 27 


+ 2.4148 


a u 


7 


47.921 


0.00769 


20 58 


+2.42 


1897 Oct. 1 


8 


47.932 


0.00542 


31 44 


+ 2.4176 


1902Aug.27 


9 


47.917 


0.00578 


48 54 


+ 2.42052 


u u 


10 


47.921 


0.00768 


20 57 


+ 2.414784 


1897 Oct. 1 


11 


47.903 


0.00687 


22 12 


+2.414784 


{( it 



Of these elements 4 and 5 are those of Cohn and Tis- 
SERAXD, respectively. No. 9 was determined by computing 
corrections to 8 from the residuals given by 8. No. 3 was 
computed from the same observations as for 2, with the 
semi-diameter of Jupiter increased by 0".12, in an endeavor 
to get an agreement between theory and observation in the 
mean distance. 

I have adopted 11 as final, so far as the present obser- 
vations are concerned. 

In a delicate problem of this kind, it is useless to com- 
bine observations by different observers, for some of the 



quantities sought will be masked by the personalities of 
the observers. It is therefore best to depend on the work 
of one observer alone, in the hope that the consistency of 
his measures may in the end more nearly attain to the 
truth. 

With the exception of the measures of Hermann Struve, 
there are almost no other observations but my own. To 
avoid the effects of personal equation, it has appeared 
best to use only my measures. These seem, at least, to 
have the merit of consistency. 

It seems probable that by this time the motion of the 
orbit can be determined with great exactness from the 
observations of elongation alone. The measures of 1892 
are sufficiently numerous and exact to determine the longi- 
tude of the perijove during that year with a small amount 
of error. In the last few years the low altitude of Jupiter, 
for one thing, has not permitted a sufficient number of 
observations of elongation distances to very exactly locate 
the perijove. It is probable that the observations which 
will be made at the coming opposition of Jupiter will be 
enough when combined with those of last year, to determine 
its position very closely, and this combined with the po- 
sition in 1892 will give a very exact value for the motion. 
I have thought, however, that after all, one might be able 



Digitized by 



Google 



152 



THE ASTRONOMICAL JOURNAL. 



N<>o44 



to determine the apsidal motion closely with the material 
already on hand. ^Yith this point in view the following 
inrestigations have been made. 

TissERAND has given the following formulas which were 
used by him, in ** Comptes Bendus,'' Tome CXIX, p. 583. 

For the computation of the elongation distances : 



(1) 



r^ = a — ae sin (Z— w^— w^^) 
r, = a-^- ae sin (l—WQ^io^t) 



For the eccentricity and the longitude of the perijove : 



(2) 



ae cos <tfo = ar 



ae smtoo = y 



For the equations of condition : 



(3) 



Vq = a — X sin (Z— <tfj<) + y cos (Z— a>i<) 
r, = a -I- x sin (l—iOi t) — y cos (Z— wj t) 



In these r^ and r. are the west and east elongation dis- 
tances, and 

I = the geocentric longitude of Jupiter, 
o>i = the daily motion of the perijove. 
cDft = the longitude of the perijove. 

t = the time interval from the epoch. 

From the measures of 1902 I have deduced the following 
elongation distances. In all these the satellite was to the 
west of the planet, that is, preceding. These are reduced 
to the distance 5.20. 







Observed 


Computed 


0— C 


1902 July 


28 


47.94 


47.96 


-0.02 


Aug. 


5 


48.07 


48.05 


+ 0.02 




25 


48.18 


48.20 


-0.02 


Sept. 


9 


48.17 


48.18 


-0.01 


Oct. 


7 


47.92 


47.92 


0.00 



Though these measures do not cover a revolution of the 
orbit of the satellite, I have thought they might give some 
idea of the orbit, and especially of the position of the peri- 
jove. Adopting the epoch 1902 Aug. 27, and with a daily 
motion of -l-2®.42 the following equations of condition were 
formed by the aid of eq. (3) : 

47*94 = a -0.44 X +0.90?/ 
48.07 = a -0.09 X -fl.OOy 
48.18 = a -h0.79x +0.61y 
48.17 = a +0.99 X +0.14 y 
47.92 = a +0.47 a; -0.88 y 

These give the following normal equations : 

240.28 = 5.00 a +1.72 a; +1.77^ 
82.85 = 1.72 a +2.02 a; -0.28 y 
1.77 a -0.28 X +2.97 y 



85.18 
and these give : 



a; = + 0.221 
y = + 0.137 
a = 47^932 



From these 



ioo = 31^ 44' Epoch 1902 August 27 
e = 0.00542 



These elements closely represent the observations used, 
as will be seen by the residuals (0— C) in the above table. 

These also closely represent all the other observations 
back to 1892, with the exception of those of 1899.. as will 
be seen by the following table of residuals : 



1892 Sept. 


12 


+0.01 


1893 Dec. 


10 


+0.07 


Oct. 


8 


-0.04 


1894 Dec. 


3 


+ 0.05 




19 


-0.25 


1898 Mar. 


4 


+0.03 




26 


+ 0.14 


Apr. 


5 


-0.09 


Nov. 


10 


+ 0.09 


1899 Apr. 


28 


+0.58 




12 


-0.03 


May 


23 


+0.35 


1893 Sept. 


27 


-0.17 


June 


16 


-0.06 


Nov. 


12 


-0.01 









The position of the perijove as given by this last orbit 
ought to enable one to determine the motion of the line of 
apsides very closely ; for, combining it with Tisserand's 
position in 1892, there will be an interval of ten years, 
which ought to reduce any error in the motion so determined 
to a small quantity. 

The longitude of the perijove from this orbit is +31^7. 
If we combine this with Tisserand's value we shall get a 
daily motion of the orbit of +2^4200, which is exactly the 
value derived by Tisserand. It is equal to 883**.9 a year. 

At the suggestion of Mr. W. S. Adams, who kindly sup- 
plied me with the formula for the purpose, equations c»f 
condition were formed from the residuals given by this last 
orbit for a determination of corrections to that orbit. In 
this manner the elements (No, 9) of the preceding table of 
elements were obtained. They show a slight improvement 
over the first one, but I do not feel satisfied with the results- 

With the above value of the apsidal motion ( + 2^4200) 
and the following observations, assuming the epoch 1897 
Oct. 1, a new set of elements was computed. 



1892 Sept. 


12 


48.11 (4) 


East 


Oct. 


8 


48.14 (4) 


East 




19 


47.51 (4) 


West 




26 


48.19 (3) 


East 


Nov. 


10 


47.98 (3) 


East 




12 


47.97 (3) 


West 


1893 Sept. 


27 


47.67 (3) 


East 


Nov. 


12 


47.74 (2) 


East 


Dec. 


10 


48.12 (1) 


East 


1894 Dec. 


3 


48.17 (1) 


East 


1898 Mar. 


15 


48.12 (3) 


East 


1899 May 


6 


48.31 (3) 


East 


June 


16 


48.03 (1) 


East 


1902 Aug. 


1 


47.96 (2) 


West 


Sept. 


1 


48.17 (2) 


West 


Oct. 


7 


47.92 (1) 


West 



Equations of condition were formed from these obser- 
vations, which by the method of least-squares gave the 
following normal equations : 

768*11 = +16.00 a +2.68 x +3.39 y 
130.74 = + 2.68 a +7.09 a: -0.99 y 
163.28 = + 3.39a -0.99a! +8.86y 
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The solution of these gave 



X = +0.3444 
y = +0.1318 
a = 47^921 



From these, by eq. (2), 



0,0 = +20° 6S' 
e = 0.00769 



Epoch 1897 Oct. 1 



If we combine the longitudes of the perijove derived from 
the orbits of 1897 Oct. 1 and 1902 Aug. 27, we get a daily 
motion of +2^4194 or 883^7 annually. 

Reducing the two values of the longitude of the perijove 
to 1892 Nov. 1, using a motion of +2*^.4200, for compari- 
son with Tisserand's, we have 



Tisserand, 


1892 Nov. 


1 


0)o 


= 


-4 


Orbit of 1897 Oct. 1 


ii 




(Do 


= 


-3 


Orbit of 1902 Aug. 


27 




Wo 


= 


-4 



The close agreement of the middle one of these with the 
others is doubtless accidental. The first and last should 
agree of course, for the motion was derived from them. 

Several different sets of elements were computed from 
the above observed elongation distances. These in general 
gave somewhat different results, depending on the assumed 
epoch and motion of the orbit. 

Forming equations of condition from the same set of 
observations with a motion of 882** a year, and the epoch 
1892 Nov. 1, the following normal equations resulted: 

768*11 = +16.00 a +3.48x +2.571/ 



168.19 = + 3.48 a +6.43 a; -0.28 y 
123.45 = + 2.57 a -0.28 x +9.57 y 



These gave 



a 

X 

y 

e 



47''.958 
+ 0.2024 
+ 0.0265 

+ 7°.4 Epoch 1892 Nov. 
0.00426 



With u)i = 900° a year, and the epoch 1897 Oct. 1, equa- 
tions of condition were formed from the preceding observa- 
tions, from which resulted the following normal equations ; 

768^11 = +16.00 a + 0.45 a; -5.79 y 

21.61 = + 0.45 a + 10.51 aj -OASy 

-278.54 = - 5.79 a - 1.28 x +5.48 y 

The solution of these gave 

a = 47".944 
X = — 0.0046 
7/ = - 0.173 

o^ = -88^5 Epoch 1897 Oct. 1 
e = 0.00365 

If this value of wq were carried back to 1892 Nov. 1 with 
the motion of 900** a year its longitude would be — 18°.5, 
which is 14® from Tisserand's value. 



As will be seen later this last set of elements is badly in- 
fluenced by the large motion of the perijove which was 
used. 

After much experimenting I decided to separate some of 
the normal observations because the interval between them 
was too great for a simple mean to be taken. This gave 
twenty observations of elongation distance. The obser- 
vations of 1898 and 1899 were also corrected for the final 
value of the micrometer screw. 

I also decided to reject my motion of the perijove, and 
to adopt one nearly in accord with the value derived from 
a comparison with Tisserand's elements, and my elements 
from the observations of 1902 alone. 

These observations, all of which were made with either 
the 36-inch or the 40-inch refractors, are given in the fol- 
lowing table : 









Computed 


Residuals 


Date 


Observations 


ElODg' Dist. 


O— C 


1892 Sept. 12 


48!ll (4) 


E 


48.129 


-o'o2 


Oct. 8 


48.14 (4) 


E 


48.214 


-0.07 


19 


47.51 (4) 


W 


47.680 


-0.17 


26 


48.19 (3) 


E 


48.041 


+0.15 


Nov. 10 


47.98 (3) 


E 


47.829 


+0.15 


12 


47.97 (3) 


W 


48.005 


-0.03 


1893 Sept. 27 


47.67 (3) 


E 


47.885 


-0.21 


Nov. 12 


47.74 (2) 


E 


47.614 


+0.13 


Dec. 10 


48.12 (1) 


E 


47.958 


+ 0.16 


1894 Dec. 3 


48.17 (1) 


E 


48.140 


+ 0.03 


1898 Mar. 4 


48.08 (2) 


E 


48.048 


+ 0.03 


Apr. 5 


48.08 (1) 


E 


48.210 


-0.13 


1899 Apr. 28 


48.27 (2) 


E 


48.167 


+0.10 


May 23 


48.27 (1) 


E 


48.197 


+ 0.07 


June 16 


47.99 (1) 


E 


48.176 


-0.19 


1902 July 28 


47.94 (1) 


W 


47.896 


+0.04 


Aug. 6 


48.07 (1) 


W 


48.012 


+ 0.06 


26 


48.18 (1) 


w 


48.213 


-0.03 


Sept. 9 


48.17 (1) 


w 


48.216 


-0.05 


Oct. 7 


47.92 (1) 


w 


47.924 


0.00 



Assuming the epoch 1897 Oct. 1, which falls near the 
middle of the series, and adopting a motion of the perijove 
of -1-2.414784 daily, which I have found by experiment to 
be close to the true motion, we have with formula (3) the 
following equations of condition : 

48.11 = a -1-0.36 x +0.93?/ 
48.14 = a 4- 1.00 a: 4-0.05// 
47.51 = a -0.91 X +0.42 2/ 
48.19 = a +0.73 a: -0.68?/ 
47.98 = a +0.16ar -0.99^ 
47.97 = a -0.07 X +1.00 2/ 
47.67 = a +0.33 a; — 0.95y 
47.74 = a -0.99a: +0.11// 

48.12 = a -0.22 a: +0.98 y 
48.17 = a +0.93 a; -0.37 y 



48.08 
48.08 
48.27 
48.27 
47.99 



= a +0.07 a- +1.00// 
= a +1.00 a: -1-0.08// 
= a +0.52 a: +0.86// 
= a +1.000- -0.08// 
= a +0.56 a- +0.83// 
47.94 = a -0.40 a- +0.92?/ 
48.07 = a -O.OSa- +1.00^ 
48.18 = a +0.74 a- +0.67v 
48.17 = a +1.00 a! +0.08*?/ 
47.92 = a +0.44 a: -0.90?/ 



Normal Equations. 

960.57 = +20.00 a +6.20 a; + 4.96 y 
299.62 = + 6.20 a + 9.00 a: - 0,97 y 
238.68 = + 4.96 a -0.97 a; +11.06^/ 
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Solving these normal equations we have 

X = +0.30447 
y = +0.12432 
a = 47".9033 

0)0 = 22« 12' Epoch 1897 Oct. 1 
e = 0.0068655 

The smallness of the residuals and the nearly equal dis- 
tribution of the signs, viz. : —0.87 and +0.82 are very sat- 
isfactory, and would seem to show that both the orbit and 
its motion are closely determined. 

I would therefore take the following elements and 
motion as the finally adopted values for the orbit of the 
satellite from the elongation distances observed by me. 

Elements. 
Mean distance = a = 47^903 (at A 5.20) 

Eccentricity = e = 0.006866 

Longitude of perijove = wq = 22*'.0 Epoch 1897 Oct. 1 
Daily motion of the line of apsides = oij = + 2°.414784 
Annual " " " " = +82^0 

Sidereal period of the satellite = 0* IV" 22-. 6698 ±0*.0052 
Mean daily motion in the orbit = 722°.631636 
Mean distance from theory = 48". 066 

The above values for the mean distance of the satellite 

would give 

From the observed elongations = 112300 miles 
From the theoretical value = 112670 " 

It has not been deemed necessary to give the time of the 
epoch closer than to the nearest day. 

In the early observations of the satellite I pointed out 
the fact that the measured elongation distances showed the 
orbit to be eccentric. Though this eccentricity is small, it 
is clearly indicated in the observations ; from a mere glance 
at these one can form some idea of the amount of the 
eccentricity. 

The various determinations of the mean distance from 
my observations of elongation do not vary much from47".92. 
Assuming this value we can deduce a close approximation 
to the eccentricity of the orbit from a simple inspection of 
the measures ; taking the mean of all the elongation dis- 
tances that fall below 47".80, and of all those that fall 
above 48".10 as containing the least and greatest distances 
of the satellite, the eccentricity will be determined by the 
formulas, 



6 = 1-- 

a 



e = --l 
a 



The observations give 

r = 47".606 (8 obs.) , r' = 48".215 (17 obs.) 

From the formulas the first gives e = 0.00655 (wt. 8) 
the second gives e = 0.00610 (wt. 17) 

The mean of these is e = 0.00625 

This is in good accord with the adopted value. 
In deriving the mean distance of the satellite from the 
measures, the personality of the observer enters, and no 



matter how consistent his measures may be there will never- 
theless be a small error introduced into the mean distance. 
The combination of measures by different observers may 
lessen this uncertainty, and if there are very few observers, 
as in the present case, it may increase the error. 

It therefore needs some method to determine this quantity 
in which the personality of the observer does not enter. 

Dr. CoHN has shown (A.N, 3404, p. 322) that the semi- 
major axis of the orbit of the satellite can be better 
determined theoretically, from the periodic time, by the 
aid of Kepleb's third law. He gives the following 
formula : 

where (A) is the semi-major axis of the satellite's orbit. 

- — the mass of Jupiter = y^^^ ^^ (Newcomb ; A,N. 136, 
^ pp. 133-134). 

(p) = 5.20280, The mean distance of Jupiter from the sun. 
N = 59'. 14, The mean daily motion of the earth. 
n = 43356', The mean daily motion of the satellite. 
8P = the annual motion of the line of apsides of the orbit 

in minutes of arc. 
^m = 0.00017, The sum of the masses of the four old 
satellites, according to Tisseband (Mec, Cel.y T. IV, 
p. 81). 

n in the second parenthesis of the above formula is 
multiplied by 365.25. 

From this formula, using SP = 911**.7, his value for the 
motion of the perijove. Dr. Cohn gets for the semi-major 
axis of the orbit, (A) = 48".065. 

(An actual computation seems to give 48^^.068 instead of 
the above quantity.) 

If the annual motion is assumed to be 900° this formula 
would give (A) = 48".067 ; or, using a value of 884**, 
(A) = 48^066. 

From these it will be seen that a considerable variation 
in 8P has very little effect on the mean distance. Hence 
any uncertainty in the motion of the line of apsides will 
not materially affect the resulting mean distance. 

The mean distance derived from this formula is doubt- 
less very exact, and is to be preferred to the value derived 
from the elongation distances. The difference between 
theory and observation in this case, considering the diffi- 
culty of the object, is small. This difference is in part due 
to errors of observation, and in part to a small error, per- 
haps, in the diameter used to reduce the measures. 

I have long ago called attention {A.J, 325) to the dis- 
cordance between micrometer and heliometer measures of 
the diameters of Jupiter ^ and have shown that the former 
are uniformly about one second of arc the greater. The 
values for the diameters of the planets adopted in the 
almanacs have in the main depended on heliometer meas- 
ures. In the case of Jupiter it would be fatal to use such 
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" standard values " for the reduction of my measures of this 
satellite, for they would make a discordance some four or 
five times as great as those mentioned above. No other 
diameters, therefore, but those determined by me should 
ever be used in reducing my observations of this satellite. 
This statement should emphasize the necessity of the 
greatest caution in the reduction of such observations by 
the indiscriminate use of any adopted value of the 
diameter. 

The inference drawn from the preceding investigations 
would lead to the following conclusion. 

The daily motion of the line of apsides is close to +882° 
a year, which is the value derived by Tisserand from 
theoretical considerations. 

Dr. Corn's motion of the orbit is evidently very much 
too large. 



The longitude of the perijove for 1892 Nov. 1 was within 
a few degrees of 360°, which is also very near the value 
assigned by Tissekand. The position assigned it by Cohn 
must therefore be in error pretty nearly a half revolution 
of the orbit. 

If we give preference to the theoretical determination of 
the mean distance, it will be very close to 48".07 at the 
mean distance of Jupitery while the value from my meas- 
ures will be 47".90, which is almost identical with the 
value derived by Tisseeand. 

From the close representation of all the observations, 
extending through ten years, it would seem that the orbit 
has suffered no noticeable change in the interval. 

In conclusion, I am indebted to Mr. W. S. Adams for 

valuable advice, and for a kindly interest in the subject. 

XoTE : An elongation distance of the satellite observed 1908 
July 21 gives a residual from elements No. 11 of — C^.OT. 



Observations of the 
Fifth Satellite of Jupiter in 1902. 

July2\, 

Dist. from Dist from 
pr. limb 

13*" 39" 43* 28!l8 
13 43 17 29.83 
13 47 40 79.90* 
13 53 12 31.76 

Position angle of the wires = 161°.6. 

* From following limb. 



center 


Comp 


52.69 
54.33 
55.40 
56.26 


3 
3 
3 
3 



July 28. 



12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
13 



41 

44 

47 

49 

51 

54 

56 

58 



3 

5 

7 

14 

20 

24 



47 
27 
15 
39 
49 
34 
52 
22 
19 
3 
51 
39 
20 
11 
43 



From pr. 
limb. 

72.62* 

73.09* 

24.66 

25.37 

25.86 

26.86 

26.80 

28.54 

76.95* 

78.77* 

29.86 

30.34 

32.19 

33.06 

33.81 



From 
center 

47.^98 
48.44 
49.31 
50.02 
50.51 
51.51 
51.45 
53.19 
52.30 
54.12 
54.50 
54.99 
56.83 
57.71 
58.46 



Comp. 

3 
3 
3 
3 
3 
3 
2 
2 
2 
3 
3 
2 
3 
3 
3 



Position angle of the wires at the longitude 
measures = 161°.5. 
* Measured from following limb. 



Latitude Measures. 






From South 


Limb. 




b m • 

13 30 7 


23.30 


Latitude. 
+ 0.19 


4 




From North 


Limb. 




13 33 59 


22.88 


+0.23 


6 




From pr. 


From 




13 38 65 


limb. 
35.75 


center. 
60.40 


Camp. 
3 


13 41 3 


36.01 


60.66 


3 


13 43 17 


36.10 


60.75 


3 


13 45 32 


36.26 


60.90 


3 


13 47 24 


86.22* 


61.57 


2 


13 50 24 


85.98* 


61.33 


3 


13 62 


36.68 


61.33 


3 


JA_M 2& 


3&81 


61.46 


3 



Latitude Measures — Cont. 



13 
13 
14 
14 
14 
14 
14 
14 
14 
14 



59 
1 
3 
7 

10 

14 

17 

20 

23 
14 27 
14 30 
14 33 
14 36 
14 39 34 
14 41 39 



25 

9 

45 

58 
20 
26 
9 
19 
9: 



54 
25 
19 
10 
32 



From pr. 
limb. 

36^64 
36.72 
36.15 
36.59 
36.52 
36.23 
36.44 
36.02 
35.07 
35.35 
35.39 
34.26 
34.0.5 
33.75 
32.93 
32.12 



From 
center. 

61.'29 
61.37 
60.80 
61.24 
61.17 
60.87 
61.09 
60.67 
59.71 
59.99 
60.04 
58.91 
58.70 
58.30 
57.58 
56.77 



Comp. 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
9 



Position angle of the wires at the latitude 
measures = 71°. 5. 
* Measured from following limb. 

Times of Elongation Computed from 

the Observations. 

Before Elongation. After Elongation. 



13 58.8 
13 59.8 
13 59.7 
13 59.9 



Mean 13 59.3 



13 59.9 

14 0.7 
13 5^.7 
13 57.5 

Mean 13 59.4 



Aug. 
From pr. 
limb. 



5. 



From 
center. 



51 
56 
59 
9 
13 



13 15 
13 17 



18 
16 
20 
36 
1 
6 
13 
6 
43 



35.51 

35.29 

36.11 

36.71 

87.25* 

87.46* 

36.74 

36.94 

36.80 

36.40 

36.19 

36.36 

36.79 

35.85 

35.88 

35.87 
Position angle of the wires = 161^0. 
* From followinor Hmh 



20 
22 
25 41 
27 28 



28 
31 



53 
26 
13 34 51 
13 38 32 
13 41 23 



60.21 
59.99 
60.81 
61.41 
62.54 
62.76 
62.03 
61.64 
61.51 
61.10 
60.89 
61.06 
61.49 
60.55 
60.58 
60.57 



Comp. 

2 
2 
2 
3 
3 
2 
3 
3 
3 
3 
2 
2 
3 
3 
•3 
4 



10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 



43 
48 
52 
bo 
6^ 
8 
12 
15 
18 
20 
23 
28 
31 
34 
38 
41 
44 
47 



58 
25 
30 
2b 
29 
59 
11 
10 
15 
32 
43 
2 

43 
41 

31 
17 
30 



Aug. 
From pr. 
limb. 

27.'l5 
28.35 
29.56 
30.84 
31.73 
33.22 
33.27 
35.16 
34.51 
34.62 
35.31 
35.36 
36.19 
36.60 
36.46 
36.63 
36.87 
37.11 



21. 



From 
center. 

51 ^63 
52.82 
54 03 
55.32 
55.21 
57.70 
57.74 
59.64 
58.99 
59.10 
59.78 
59.83 
60.66 
61.08 
60.03 
61.11 
61.35 
61.59 



Comp. 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 



Position angle of the wires = 162°. 8. 

In these observations there Is possibly an 
uncertainty of one minute In the recorded 
times caused by the stopping of the watch 
before comparison was made with standard 
clock. It Is probable the error will be only a 
few seconds at most. 

Aug. 25. 



10 
10 
10 
10 
10 
10 
10 



38 
41 
44 
47 
49 
53 

m 



10 59 

11 2 





5 




8 




11 




16 




18 




22 




27 




30 




34 




37 




40 




4.^ 



42 
26 
39 
46 
47 
52 
42 
18 
17 
16 
32 
29 
22 
49 
30 
27 
14 
42 
17 
14 

9i 



From pr. 
limb. 

3l'01 
31.67 
31.92 
32.52 
32.84 
33.37 
34.27 
34.75 
34.66 
34.76 
35.24 
35.61 
35.57 
36.33 
36.52 
36.89 
36.35 
36.58 
36.15 
36.10 

.^KQ9 



From 
center. 

55*36 
56.03 
56.28 
56.88 
57.20 
57.73 
58.63 
59.10 
59.02 
59.12 
59.60 
59.97 
59.93 
60.69 
60.88 
61.25 
60.71 
60.94 
60.51 
60.46 
fio 97 



Comp. 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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Aug. 25- 


-Cont. 






Sept. 9 — 


Cont. 




From North 


Limb. 






From pr. 


From 






From pr. 


From 




ll''l0'°57' 22!28 


-0.07 


4 


h m s 


limb. 


center. 




Comp. 


h in ■ 


limb. 

V 


ceBter. 


Comp. 


11 12 45 23.05 


-0.84 


3 


11 45 46 


35.60 


59.96 


3 


10 7 26 


35.06 


58.75 


3 


11 14 12 22.85 


-0.64 


3 


11 48 6 


35.36 


59.71 


3 


10 8 52 


35.12 


58.81 


3 








11 51 32 


34.47 


58.83 


3 


10 10 48 


36.12 


59.81 


3 


From South Liimo. 




11 54 44 


34.83 


59.19 


3 


10 12 33 


35.18 


58.87 


3 


11 16 43 21.50 


— V.iK) 


3 


11 57 11 


34.08 


58.44 


3 


10 14 5 


35.71 


59.40 


3 


11 19 38 22.43 


+0.22 


3 


12 14 


33.97 


58.33 


3 


10 15 35 


35.16 


58.85 


3 


Position angle of the wires at the latitude 


12 4 54 


33.73 


58.09 


4 


10 17 17 


35.33 


59.02 


3 


measures = 72°. 8. 






Position angle of the wires = 162°. 1 


, 


10 18 48 


35.32 


59.01 


3 


The obserrations were 
W. S. Adams. 
This date (Sept. 9) was 


recorded 


by Mr. 




Sept 


9. 




10 20 10 
10 21 29 


35.45 
35.09 


59.14 

58.79 


3 
3 


the tenth annlTer- 




From pr. 


From 




sary of the discovery of the Fifth Satellite. 




limb. 


center. 


Comp. 


10 23 11 


35.08 


58.77 


3 








h m • 

9 21 27 


31.04 


54*73 


3 


10 24 52 
10 26 28 


34.62 
34.61 


58.31 
58.30 


3 
3 


Oct, 7 






9 24 52 
9 27 45 
9 30 43 
9 32 46 
9 34 18 
9 35 48 
9 37 31 
9 39 34 
9 42 18 


31.06 
32.22 
32.43 
32.74 
33.55 
33.33 
33.37 
34.42 
34.56 


54.75 
55.92 
56.12 
56.43 
57.24 
57.02 
57.06 
58.11 
58.25 


3 
3 
3 
3 
3 
3 
3 
3 
3 


10 27 55 
10 30 7 
10 34 34 
10 37 1 
10 38 14 
10 39 28 
10 40 50 
10 42 53 


34.60 
34.38 
33.76 
33.16 
33.24 
33.29 
33.17 
32.31 


58.29 

58.07 

57.45 

56.85 . 

56.93 

56.98 

56.86 

56.00 


3 
3 
3 
3 
3 
3 
3 
4 


Satellite and pr. limb. 

From pr. From 
limb. center. 

7*'30°*45* 32.53 54.47 
7 33 20 32.98 54.92 
7 35 49 32.94 54.88 
7 38 27 32.24 54.18 
7 41 21 32.38 54.32 


Comp. 

3 
3 
3 
3 
3 


9 45 7 
9 47 36 
9 49 17 
9 50 50 


34.48 
35.18 
34.85 
35.24 


58.17 
58.87 
58.54 
58.93 


3 
3 
3 
3 


10 48 40 
10 50 23 
10 52 32 
10 55 20 


31.76 
31.42 
30.71 
30.19 


55.45 
55.11 
54.40 
53.89 


3 
3 
3 
3 


7 45 48 32.70 
7 51 28 32.38 
7 54 54 31.79 
7 58 17 32.39 


54.64 
54.32 
53.73 
54.33 


3 
3 
3 
3 


9 52 17 
9 54 21 


34.85 
35.38 


58.54 
59.08 


3 
4 


10 57 17 
10 59 23 


30.01 
29.47 


53.70 
53.16 


3 
4 


8 2 31 31.88 
8 5 4 31.49 


54.81 
53.43 


3 
3 


9 58 8 


35.72 


59.41 


3 


Position angle of the wires at the longitude 


8 7 38 30.86 


52.80 


3 


9 59 44 


35.22 


58.91 


3 


measures = 


102". 7. 






8 10 21 30.49 


52.43 


3 


10 1 20 
10 2 44 


35.28 
35.67 


58.97 
59.37 


3 
3 


Latitude Measures. 




8 13 35 30.93 
8 16 57 29.99 


52.87 
51.93 


3 
3 


10 4 25 


35.65 


59.34 


3 


h m « 


From South 


Limb. 

Tjatltude. 




8 20 18 30.22 


52.16 


2 


10 6 7 


35.65 


59.35 


3 


11 5 45 


22.02 


-0.19 


5 


Position angle of the wires = 163° 


3 





Apparent 


A 5.20 


July 28 


61.35 


47.94 


Aug. 5 


61.65 


48.07 


25 


60.92 


48.18 


Sept. 9 


59.25 


48.17 


Oct. 7 


54.58 


47.92 



The observations were carefully plotted, and the follow- 
ing elongation distances determined from the curves thus 
obtained : 



1902 



In all the observations the given times are 6** 0™ slow of 
Greenwich M.T. 

The satellite was preceding in every case. 

The measures all depend upon a value for the micrometer 
screw of 9". 665. 

The following apparent semi-diameters of Jupiter were 
used to reduce the observations : 

Polar 



23.107 



22.209 







Equatorial 


2 July 


21 
28 


24.503 
24.649 


Aug. 


5 
21 


24.704 
24.476 




25 


24.359 


Sept. 
Oct. 


9 

7 


23.691 
21.939 



They are derived from the diameters given in A.J, 325. 
The following are corrections to the paper in A.J., No. 
472, Vol. XX. 

p. 126, in the table, for 1892 Nov. 11 read Nov. 12 
p. 127, for 1898 March 6 11»» 56" 5* read 11»> 55" 5». 
p. 128, 1898 April 26 in the three last distances. 



for 



47.88 
47.47 
46.14 



read 



48.00 
47.59 
46.26 



p. 128, 1899 May 1, first observation for 43'.38 r^ad 42'.38. 

p. 129, 1899 May 23, at 10»» SS™ 2» for 43'.76 read 32'.76. 

p. 128, 1898 April 26, the latitude observations are one measure 
each. The same for 1899 April 18, except the first obser- 
vation. Same for April 20 for the latitude observations. 

In the measures of 1 898 and 1899 a preliminary value of 
the micrometer screw was used, which is a little larger 
than the final value. The measures of those years should all 
be reduced slightly to the amount of 0".07 to 60" of measured 
distance. As the greatest distance measured in the obser- 
vations was about 32" the largest corrections will not amount 
to 0".04. 

Yerkes Observatory, Williams Bay, Wis., 1903 June. 
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ON THE SYSTEMATIC DIFFERENCE IN DECLINATION BETWEEN BRADLEY 
(AUWERS) AND THE CATALOGUE OF 627 STANDARD STARS (A.J.5S1-2), 

By lewis boss. 



Systematically the Catalogue of 627 Standard Stars 
{A.J. 531-2) is independent of Bradley's determinations. 
These did not enter into the computations until it became 
possible to ascertain and apply with care the approximate 
systematic corrections necessary to reduce them to the sys- 
tem, B. So far as the right-ascensions are concerned, this 
proved to be a matter of no special difficulty ; but the curve 
of systematic correction for the declinations, as they appear 
in the Catalogue of Auwers, appears to be tortuous and un- 
certain, in relation to the material available for its deter- 
mination. 

In extending the system, B, to the computation of star- 
positions upon which the determinations of Bradley must 
«xert important effects, on account of the relatively small 
weight of computed fi arising from the observations of the 
nineteenth century alone, it is essential to know the syste- 
matic difference, B— Bradley, with as much certainty as 
possible ; otherwise, the system of projier motions for the 
additional stars, in certain restricted zones, might sensibly 
differ from that defined by the proper motions of the 627 
primary standards. This consideration has led me to pay 
far mote attention to the determination of JS, for Brad- 
ley's declinations than to that for any of the later cata- 
logues. 

In his reduction Auwers assumed that the errors of 
graduation were materially different for the two positions 
of the quadrant, apparently owing to suspected increase of 
deformations in its plane when adjusted for observations 
south of the zenith. Apparently these deformations were 
detected by means of the transits recorded in the use of 
the quadrant. In my preliminary researches upon JSg for 
Bradley's declinations, as derived from comparison with 
B for stars south of the zenith, my attention was naturally 
directed to the supposed deformation at 8° of zenith- 
distance south. Comparison with the Standard Catalogue 
did not confirm this, but did indicate a very marked posi- 
tive maximum of graduation error at 18** of zenith-distance 
south. Other anomalies of lesser moment appeared. For 
illustration, we have the following mean differences (from 



the curve, — the observed differences are larger), Ms, from 
the comparison, B— Bradley. 

At +-44° of declination, —0.15 
At 4-36° of declination, +2.60 
At +27° of declination, -f 0.60 

It does not seem possible that any very large portion of 
the anomaly at +36° can be attributed either to relative 
systematic error in B, or to accumulation of casual errors 
in Bradley's declinations. It seemed desirable, therefore, 
to investigate whether the observations with Bradley's 
quadrant are consistent with the hypothesis that the grad- 
uation error remained substantially the same in the two 
positions of the quadrant, as tested by the Standard 
Catalogue. 

In the second volume of Neue Reduction der Bradley^ schen 
Beohachtungen (pp. 253-410) Dr. Auwers has published the 
results which he obtained for the zenith-distances meas- 
ured with Bradley's quadrant in the two positions, North 
and South. If we combine with these the latitude, 51° 28' 
38".72, adopted by Auwers, we shall obtain the declinations 
as they result without the application of any correction for 
error of graduation, such as Auwers has adopted (p. 252 of 
the Neue Reduction, Bd. II). This course was adopted in 
the present investigation, and the declinations so obtained 
were compared with the Catalogue of Standard Stars, B. 
The results of this comparison are exhibited in Table I, for 
quadrant North under JAjf in the first section of the table, 
and for quadrant South, in the second section, /lA^, The 
individual results have been collected in zones of 3° in 
width; and the signs of the differences, B— Bradley, are 
given as applicable to altitudes, considered as positive, 
whether north or south. Therefore, for quadrant south 
and for quadrant north, lower culmination, the signs repre- 
sent assumed corrections, Mg, to Bradley's declinations; 
and they correspond to —^8, for declinations observed at 
upper culmination. 

The weights here, as throughout, are computed so as to 
correspond to ±0".30 as the probable error of the unit. In 
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general my computations confirm the weights computed by 
Dr. AuwERS, except for zenith-distances greater than 75", 
for which my adopted weights are less. 

From inspection of these values of J Ay and JAg it be- 
comes evident that there is a very decided systematic differ- 
ence between them ; though the sinuosities in the trend of 
the two sets of numbers present a degree of resemblance 
which is, perhaps, quite as good as could have been antici- 
pated, in view of the paucity of observations north of the 
zenith. This led to the examination of the hypothesis that 
the graduation-error, proper, remained practically invariable, 
and that the systematic difference in question is due to 
other causes. It seems very natural to suppose that the 
eccentricity of the quadrant might have been materially 
different in the two positions, either through wear in the 
pivot, or bearing, upon which the telescope turned, or 
through differences of strain in the fastenings for the two 
positions. This difference of eccentricity would give rise 
to a systematic difference of the form, x sin{ + y cos{. If 
the wear was in the bearing, rather than in the pivot, we 
should expect y to be much smaller than x. It is also very 
probable that there may have been an appreciable alteration 
in the flexure of the telescope when the quadrant was set 
up in the position, south. 

The researches of Olufsen (Astr,Nach., Bd. 9, pp. 86-106), 
and those of Safford (Astr.FaperSj Aiyi.Eph.^Yol. II, Pt. II) 
indicate that the declinations of the quadrant after Brad- 
ley's time require large and increasing corrections. From 



Safford's results (Table X, of the work cited), I infer 
that, for stars south of the zenith, the part of this cor- 
rection which is variable with the zenith-distance, and 
which he regarded as directly proportional to the zenith- 
distance in degrees, was roughly +6" sinf in 1767, and 
+ 12'^ sin{ in 1787. These corrections are large enough so 
that no great part of them can possibly be attributed to 
error in the system, B,, (declinations of the American 
Ephemerisy 1881-1900), which was employed as standard. 
As will be seen, further on, the progression of this error is 
remarkably consistent with the results found in the present 
investigation. From these various considerations, as well 
as from inspection of the differences themselves, it seemed 
best to assume that the systematic difference, JAg—JAy, 
is of the form, k '\- x sin { . This resulted in the following 
expression which has been adopted. 

JAs'-JAy= +0M2-l-l".20sin{ 

The determination of this quantity was strengthened by 
means of a comparison, Lower minus Upper Culmination. 
Thus th'ere is an alteration in the sine coefficient of H-l''.2 
in approximately four years; while from Safford's re- 
searches the alteration appeared to be about -1-6'' m 
twenty years. 

Modifying the values of /lAj^ by the amount of this cor- 
rection, we have the numbers in the first section of Table I, 
under the caption, J^Aj^, 





Table I. 


Observed Cobkections, JA, Applicable to Bradley's 


Observed 


Altitudes. 








Quadrant 


North 






Quadrant South 






Mean 




8 


•* 


P 


JA„ 


J'Ak 


8 


*« 


P 


JAs 


8 


•• 


P 


JA 


+ 61°2 


16 


6.6 


+o!l3 


+o'.54 


+51.7 


8 


2.6 


+ 0^07 


+51^8 


24 


9.2 


+o'41 


55.2 


4 


1.1 


+0.82 


+ 1.32 


48.4 


9 


2.9 


-0.05 


48.2 


13 


4.0 


+0.33 


57.4 


7 


2.1 


+0.92 


+ 1.47 


45.2 


9 


2.8 


+ 1.14 


45.4 


16 


4.9 


+ 1.28 


60.4 


11 


2.2 


+0.89 


+ 1.51 


42.4 


8 


1.5 


+ 1.20 


42.6 


19 


3.7 


+ 1.38 


63.6 


6 


1.6 


+0.95 


+ 1.62 


39.5 


12 


3.5 


+2.12 


39.6 


18 


6.1 


+ 1.96 


66.4 


4 


0.8 


+0.82 


+ 1.55 


36.9 


8 


1.3 


+ 2.11 


36.8 


21 


2.1 


+ 1.89 


69.5 


6 


1.6 


+ 1.73 


+ 2.52 


33.2 


9 


1.9 


+ 2.64 


33.3 


15 


3.5 


+ 2.59 


72.1 


5 


1.0 


+0.70 


+ 1.54 


30.3 


9 


2.0 


+0.78 


30.6 


14 


3.0 


+ 1.04 


76.4 


5 


0.8 


+ 0.88 


+ 1.91 


27.8 


21 


5.5 


+ 1.20 


27.7 


26 


6.3 


+ 1.29 


78.8 


2 


0.3 


+0.03 


+ 1.00 


24.3 


10 


2.8 


+ 1.49 


24.2 


12 


3.1 


+ 1.44 


81.8 


2 


0.4 


+0.68 


+ 1.71 


21.5 


21 


7.3 


+ 1.41 


21.6 


23 


7.7 


+1.42 


84.8 


2 


0.8 


+0.17 


+ 1.25 


18.7 


11 


2.8 


+1.76 


18.6 


13 


3.6 


+ 1.64 


87.6 


3 


1.1 


+ 1.06 


+2.19 


15.8 


14 


3.6 


+ 2.15 


16.8 


17 


4.7 


+2.16 


90.6 


4 


1.0 


+0.44 


+ 1.62 


12.7 


16 


5.0 


+ 1.81 


12.6 


20 


6.0 


+ 1.78 
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The quantities, z/'-^^^ and z/^^, are now comparable, ac- 
cording to the hypotheses made. In fact, the differences, 
JAg—J'Ajf, show rather suspicious accumulations of nega- 
tive signs near the zenith and near (Sb"^ of zenith-distance, and 
of positive signs near 45** of zenith-distance. An analysis 
of the comparison. Lower— Upper Culmination, does not 
confirm these apparent systematic deviations in all cases, 
however; so that it may be doubted whether they are 
wholly real. Furthermore, taking the differences with 
their weights, the probable error of the unit comes out, 
±0^^.32, against ±0''.30, the predicted probable error. 
Considering all of the difficulties of the case this is probably 
an agreement as close as ought to have been expected. 
The representation would have been somewhat better 
through the employment of the full formula, k-^ x sinf^ 
-I- y cos{ to express the difference between the two po- 
sitions. Yet, with material so scanty, it might prove 
dangerous to attempt the derivation of such a formula of 
correction for observations extending over less than a quad- 
rant, since a chance distribution of accidental errors at 
unlucky points might lead to an illusory result. 

Accordingly, the means by weight of /I'Ajf and /SA^ were 
computed as they appear in the last section of Table I. 
From these the curve of correction, JAj was drawn, as it 
appears under JA^ in the first section of Table II. These 
mean values of z/^^ correspond to those of *-^«," computed 



by Dr. Auwers, as published in the second volume of the 
Nene Reduction (p. 252). The correction to the catalogue 
declinations (Band III) is found from the equation : 

Mi = ^A, — ^dz 
This result is found in Table II under the caption z/S^ ; 
and these are the finally adopted corrections for the decli- 
nations of Auwers' Catalogue. It is scarcely necessary to 
remark that the values of z/^, for stars, quadrant north, at 
upper culmination, are found by subtracting the values of 
^A^,, for corresponding zenith-distance south, from the 
formula, -h0".42 +1".20 sin{; and for those at lower cul- 
mination this formula is subtracted from corresponding 
values of /lA^ , south. 

For the zenithal arc, +49** to +54** of declination, as 
well as for the combination of lower with upper culmi- 
nations, the values of M^ applicable to the catalogue places 
must be computed by a combination of the several values 
of Ma , applicable for the different circumstances of obser- 
vation, in proportion to the weights given in the two tables, 
pp. 22-33, in the introduction to the Catalogue. 

In drawing the curve, from which the results for /I A in 
Table II were derived, some slight modifications were in- 
troduced on account of the differences, Lower— Upper 
Culmination, taken from the introduction to the Catalogue 
(pp. 22-33), /Iz having been first removed and approximate 
values of /lAg introduced. 
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Quadrant 



South — Below Pole. 
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In fact, the drawing of the curve was a process of trial 
and error, in successive approximations, until what was 
deemed a fairly satisfactory representation of the various 
classes of material was obtained. 

The curve for J A was not usually pushed to the indi- 
cated maxima and minima of the residuals, since it was 
felt that some of these might be due to unlucky combi- 
nations of residuals having like signs. 

In the subjoined statement appears a digest of the com- 
parison. Lower minus Upper Culmination. In the first 
column, following the argument, number of stars concerned, 
and the weight, are given the means of "w — o" taken from 
the tables of Auwers (pp. 24-33, Bd. Ill), and in the last 
column those which arise from the present discussion after 
taking into account /JB^ , as it appears in Table II. 
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It will be seen that the amended results indicate an 
agreement between the declinations from Lower and Upper 
Culmination, respectively, as good as could have been an- 
ticipated, perhaps, when all the difficulties are considered. 
An intimate study of the details of this comparison confirms 
me in the opinion that the graduation- error of the quad- 
rant was substantially the same in the two positions ; 
though it is not at all improbable that very small differ- 
ences might have existed. 

Before leaving this part of the subject, certain remarks 
may not be out of place. 



It should be recalled that, in the first use of the quad- 
rant, north, the observed zenith-distances may have been 
systematically different from those determined after the 
new balancing of the quadrant, Dec. 2, 1750. 

Some part of the differences, JAg—J^Aj,, which are ex- 
pressed in the formula +0".42 +1".20 sin{, may be due to 
systematic errors, in the system, B; but I should be greatly 
surprised if it should turn out that half of this difference 
shall hereafter be found chargeable to this sotirce. 

There are evidences of outstanding systematic differ- 
ences between the corrections for zenith-distances, north 
and south, as reconciled in this discussion, which are 
rather larger than the weights would lead one to anticipate. 
Allusion to these has already been made. The difference 
at large zenith-distances may easily be due to a real differ- 
ence in the refractions at low altitudes, north and south. 
Between declinations, 57° s.p. and 73° s.p., also, there is a 
considerable discordance between observed and computed 
J Ay, This amounts to +0".28 (weight, 9.6), in the sense 
of a further correction for the declinations corrected ac- 
cording to Table II. But if the curve of /J A had been 
deflected at this point to produce a better agreement be- 
tween computed, J A, and observed, JA^j then a larger dis- 
crepancy in L— U would have resulted. The mean value 
of L — U for the zone in question is only +0".05 (weight, 
18.7), to be sure, and this might readily admit of some 
increase J but in the zone, +60° s.p. to 69° s.p., where this 
increase could most naturally be made, the corresponding 
value of L — U is already +0".24 (weight, 10.8), and this 
would be increased by any further reduction of the dis- 
cordance in question. It thus appears that the standard 
stars for this zone do not very well represent the gener- 
ality of Bradley's quadrant observations within those 
limits. 

In order to show clearly what outstanding discrepancies 
exist when the assumption is made, as in this discussion, 
that the error of graduation remained practically the same 
for the two positions of the quadrant, we have the follow- 
ing schedule. The residuals are gathered in general means, 
including both Lower and Upper Culminations. If, now, 
we suppose that the adopted corrections of Table II have 
been applied to the catalogue declinations, comparison of 
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the Standard Catalogue with the observations of quadrant 
north, alone, indicates that further mean corrections to the 
catalogue declinations are required as follows : 

Outstanding Discbkfakcies. 
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So far as these quantities are concerned, they do not 
appear to interpose any very practical objection to the 
adoption of the corrections contained in Table II. 

For quadrant south the adopted mean curve of correction 
represents the observations substantially as well as would 
a curve based upon southern observations alone. 

This investigation was undertaken more with the object 
of ascertaining the best practicable systematic corrections 
for the Bradlky-Auwkrs star positions, rather than for 
the purpose of deciding upon the peculiarities of Bradlsv's 
quadrant. Yet it seems very probable that the deductions 
set forth in the foregoing brief abstract have some resem- 
blance to the actual facts concerning the graduation-error 
of the Biro quadrant. The somewhat regular recurrence 
of large positive corrections at zenith-distances of approxi- 
mately 18% 36% 64* and 67*, wears rather a suspicious 
aspect, as pointing to some systematic source in the method 
of marking the graduations (or in fastening the quadrant 
to the pier). These maximum points seem to be quite con- 
sistently indicated in the observations both of quadrant 
north and quadrant south, as exhibited in Table I. If, 
after removal of such errors, as collimation, eccentricity, 
flexure and error in adopted refraction, the quantities, J A, 
are to be considered as mainly due to errors of graduation, 
it can scarcely be objected to them that they are exception- 
ally lai*ge. It may be doubted whether a single quadrant, 
under a single microscope, of many of the modem transit- 
circles would show much more perfect graduation. 

Adopting the values of J A, as exhibited in the foregoing, 
the declinations were next tested for systematic errors of 
the form, Ji^ . For this purpose the declinations, quadrant 
north, were divided into two series, the first containing all 
observations at zenith-distances less than 58*.5 (decl.70^8.p.), 
and the second, all observations from declination, 70* s.p. 
to 47* s.p. In a similar way the observations, quadrant 
south, were divided into two series, of which the common 
boundary is the equator. Table III represents the results, 
together with the means for quadrant north and south, 
respectively. 
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20.5 


7.4 


+0.48 


21.6 


3.7 


-0.12 


21.4 


2.0 


+0.46 


21.5 


5.7 


+0.08 


22.5 


3.0 


-0.14 


22.0 


2.5 


.00 


22.5 


5.5 


+ 0.06 


23.3 


3.4 


-0.10 


23.5 


2.2 


'+0.09 


23.5 


5.6 


-0.03 


+«9» to 70» *.p. 


70»i 


.p. to 


40° ».p. 


49» to 4«»».p. 


a 


P 


J8. 


o 


P 


J8. 


a 


P 


J8. 


k 




t 


h 




t 


b 




t 


0.3 


4.2 


-0.12 


0.0 


0.7 


+0.26 


0.3 


4.9 


-0.09 


1.9 


1.8 


+0.39 


1.5 


0.6 


-0.35 


1.8 


2.4 


+0.20 


3.6 


0.9 


-0.56 


3.8 


.1.0 


-0.77 


3.7 


1.9 


-0.67 


5.9 


1.9 


+ 0.01 


6.0 


2.9 


+0.20 


6.0 


4.8 


+0.13 


8.1 


1.4 


+0.69 


7.8 


2.3 


+0.11 


7.9 


3.7 


+0.33 


9.8 


2.1 


+0.51 


9.7 


1.3 


+0.47 


9.8 


3.4 


+0.60 


12.2 


3.7 


+0.09 


12.2 


0.8 


+0.38 


12.2 


4.6 


+0.13 


13.9 


2.2 


+0.61 


13.8 


1.3 


-0.38 


13.9 


3.5 


+0.18 


16.0 


1.3 


+0.11 


16.2 


0.7 


-0.26 


16.0 


2.0 


+0.03 


17.9 


2.7 


+ 0.06 


. 


. 


• • * 


17.9 


2.7 


+0.04 


19.7 


3.4 


-0.10 


20.4 


0.5 


-0.47 


19.8 


3.9 


-0.14 


21.8 


3.1 


-0.69 


22.2 


1.5 


-0.71 


21.9 


4.9 


<l0.70 



For the declinations south of the zenith the general 
agreement of the mean values of /iK in the two divisions 
seems to warrant the consolidation of them into a single 
series. For the representation of this series of observed 
corrections I adopt, 

+0*^.08 sina +0^07 cosa .«0^25 sin2« -0'.06 cos2a 

For the observations, quadrant north, the material is 
much more scanty than for quadrant south ; and there 
seem to be some anomalies in the observations at great 
zenith-distances, to which Auwers has made allusion in 
the introduction to his Catalogue (pp. 34-36). On this 
point Dr. Auwbrs remarks (p. 35) : <<Die letzte Columne 
der obigen Tafel, welche die mittleren 8,-8. fnr die tieferen 
Sterne enthttlt, wttrde einen Fehler von jahrlicher Periode 
andeuten, aber die naheren Gircumpolarsterne schliessen 



'k 



&• 



^•^ !■.:; 



^i. 



'§^-^.ii 



.^!^^ 
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eine solche Annahme direct aus ; die Stoning, auf welcbe 
noch bei der Ableitung der Polholie zurdckzukommeD sein 
wird, schelnt vieliuehr auf eiuzelne Abschnitte der Beo- 
bachtungen bei Quadrant Nord beschraukt gewesen zu sein/' 
This may serve to account for some of tbe other anomalies 
already noticed. I have, therefore, considered it advisable 
to apply a uniform correction, JS^, to all observations, 
quadrant north, derived from tbe combined result, of the 
two divisions. I have adopted the correction, 

+ 0*.08 sin a — C.SO cos a, 

employing the argument, true right-ascension, whether 
the star was observed above, or below the pole. In a some- 
what summary analysis of the material I have also found as 
an expression for this correction, +0*^.08 sin a —0*^.20 cos« 
+ (0^01 sin a — 0M2 cos«) tgS; but this improves the 
representation very little, and does not wholly remove the 
anomalies found in the observations beyond 75^ of zenith- 
distance. In the course of thi» discussion I compared the 
declinations observed, quadrant south, with those which 
were observed, quadrant north, below the pole, from +45^ 
to 54^ 23' of declination. The column next the last in 
the subjoined table contains the difference, L~U, uncor- 
rected for Ji^, and the last column contains the same 



corrected for the combined values of JS«, quadrant north t 
and south. 



A 


P 


L-U 


L-U (corr'd.) 


0.0 


0.6 


+ 1.47 


+1.22 


2.0 


1.2 


+0.64 


+0.64 


3.8 


1.9 


+0.16 


+0.16 


6.7 


0.7 


-0.17 


-0.20 


6.5 


0.6 


-2.37 


-2.41 


9.9 


0.2 


+0.13 


+0.27 


12.0 


0.2 


-0.26 


+0.16 


13.7 


0.3 


-0.81 


-0.31 


17.3 


0.9 


-1.03 


-0.97 


20.0 


1.8 


+0.36 


-0.06 


21.8 


0.7 


+ 1.29 


+0.80 



This shows the nature of the anomalies, and exhibits the 
improvement produced by the adoption of the formulas of 
correction Ji^. Probably it would be better to assign 
weight zero for observations having zenith-distance greater 
than 80*. There appears to be no particular trace of these 
anomalies for zenith-distances less than 76*. 

The corrections contained in Table II, together with the 
adopted values of Ji^^ are now in use at this observatory, 
in the computations for extension of the Catalogue of 627 
Standard Stars to include a much greater number of what 
might be termed secondary standard stars. 




ELEMENTS AND EPHEMERIS OF COMET c 1903 (bobbsllt)* 

Br n. R. MORGAN and ELBANOR A. LAMSON. 
[Commuaicated by Capt. C. M. Chbstbb, U.S.N., Superintendent Naval Observatory.] 

The following elements were deduced from three normal 
places derived from observations made at Lick and Wash- 
ington Observatories, on June 22, 23, 24, 30, July I, 2, 7, 
8 and \) : 

Elemknts. 
r = 190;{ August 27.60410 Gr. M.T. 



tr = CO 



84 



a = 293 32 r,:i 
i = 84 59 50 

n = 0.329CG 



llesidiials (0-C) : cos/3 J\ » -^3^7 , /Jfi - +2M 

Hklio<;entuic Coobdinatks. 

X « r [9.010061] sin (206** 46^+ v) 
y «. r [9.962 170] sin( 13 53 44 -f ij) 
X » r [9.998661] sin (105 51 40 -f v) 





Epbimrbis. 






1903 Q.M.T. 


o 


< 

' 


log A 


Ught 


July 28.6 


12" it" 36 • 


+57 14.2 


9.6446 


8.8 


Aug. 1.5 


111 43 42/ 


51 18.5 


9.7264 


7.4 


5.6 


111 22 63 


46 40.1 


9.7991 


6.7 


9.6 


m 7 3? 


42 50.7 


9.S(K{5 


0.4 


13.6 


10 54 25 


39 24.5 


9.9208 


6.7 


17.5 


10 42 3 


35 58.0 


9.9722 


7.3 


21.6 


10 29 56 


32 0.8 


0.0179 


8.2 


26.5 


10 18 31. 


27 27.8 


0.0570 


8.6 


29.5 


10 9 18 


21 54.3 


0.0878 


7.4 


Sept 2.5 


10 3 34 


15 49.1 


0.1098 


5.4 


0.5 


10 1 8 


9 42.9 


0.1254 


3.7 


10.5 


10 1 3 


+ ,3 51.1 


0.1372 


2.5 


14.5 


10 2 28 


- 1 42.3 


0.1471 


1.8 


18.5 


10 4 52 


C 58.0 


0.1502 


1.3 


22.5 


10 7 54 


11 57.7 


0.1048 


1.0 


2G.5 


10 11 20 


10 42.9 


0.1735 


0.8 


30.6 


10 16 2 


-21 16.1 


0.1824 


0.0 



Brightness on June 22 is taken as the unit. 



* From Supplement to No. S44, 
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DEFINITIVE ORBIT OF COMET 1891 IV, 

By henry A. PECK. 



This comet was discovered by Barnard October 2, 1891. 
It is described as moderately bright, about one minute in 
diameter, with scarcely any nucleus. It was far south, and 
was always observed with difficulty by its discoverer, disap- 
pearing from his sight in a week. It was observed at no other 
northern observatory, but was followed, however, for nearly 
two months at Cordoba. These two series of observations, 
together with a short one from Sydney, are all that have 
appeared. In A,N. 3237 Hind has published an orbit 
based upon the Cordoba observations of October 19, No- 
vember 12 and December 3. As will be seen from the 
following, these elements satisfy the southern observations 
with a fair degree of approximation, but leave much to be 
desired for those of Barnard. 

The Hind elements are as follows : 

T = 1891 Nov. 13.54555 G.M.T. 

o> = 269*' 34' 59.^5 ) 
SI = 218 13.4 U891.0 
i = 77 59 54.7 ) 
log^ = 9.9872737 



X = [9.9021683] r sin 
1/ = [9.8927485] r sin 
z = [9.9382463] r sin 

The ephemeris positions are 



188 48 43.03 -fv] 
135 53 30.45 H-i'] 
253 10 25.45 -fv] 



Oct. 



1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 



a apparent 

h m • 

7 20 9.91 

25 36.67 

31 12.81 

58.63 

54.40 

0.36 

16.77 

43.79 

21.63 

10.38 

10.12 

20.86 

42.56 

15.06 

58.15 

59 51.51 

7 54.75 

7.33 

28.67 

58.00 

34.54 

17.35 

5.42 

57.66 



5 apparent 



36 
42 
49 
55 
1 
8 

15 
22 
29 
36 
44 
51 



10 



16 
24 
32 
41 
50 
59 
7 
16 
25 
34 
43 



-24 
26 
27 
29 
30 
32 
33 
34 
36 
37 
39 
40 
41 
42 
43 
45 
46 
47 
48 



53 
21 
49 
16 
43 
10 
35 
59 
22 
43 

3 
20 
34 
46 
56 

o 



52.92 
49.99 
47.63 
44.58 



10 52 39.63 



6 

7 

4 

58 

48 

36 

20 



37 

11 

42 

54 10 

-54 34 



49 
50 
51 



53 



51.8 
33.9 
17.8 
49.3 
54.0 
16.9 
42.9 
56.8 
43.9 
49.8 

0.4 

2.8 
44.6 
54.6 
21.8 
57.5 
33.2 

2.2 
18.6 
18.5 
58.4 
16.7 
12.6 
46.3 
59.4 
54.7 
35.7 

6.7 
33.1 



0.00554 
551 
548 
546 
545 
544 
544 
544 
545 
547 
548 
550 
553 
556 
560 
564 
568 
573 
578 
583 
589 
505 
601 
608 
615 
622 
629 
637 

0.00645 



log A 

9.982 
980 
978 
977 
976 
975 
975 
975 
976 
977 
978 
980 
982 
985 
987 
990 
993 
997 

0.001 
005 
009 
014 
018 
023 
028 
033 
038 
043 

0.048 





a apparent 


6 apparent 


ab.t 


log A 




b m . 


/ » 






Oct. 30 


11 1 31.55 


-54 56 0.7 


0.00653 


0.064 


31 


10 19.17 


55 14 35.9 


661 


059 


Nov. 1 


19 1.40 


30 25.7 


669 


065 


2 


27 37.16 


43 37.1 


677 


070 


3 


36 6.50 


54 18.0 


686 


076 


4 


44 25.59 


66 2 35.9 


694 


080 


5 


52 36.63 


8 38.8 


703 


086 


6 


12 37.99 


12 34.4 


711 


091 


7 


8 29.10 


14 30.4 


720 


096 


8 


16 9.55 


34.7 


728 


101 


9 


23 38.97 


12 54.3 


737 


107 


10 


30 57.12 


9 36.9 


745 


112 


11 


38 3.83 


4 49.5 


754 


117 


12 


44 59.01 


65 58 38.8 


763 


122 


13 


51 42.67 


51 11.1 


772 


127 


14 


58 14.84 


42 32.7 


780 


132 


15 


13 4 35.65 


32 48.8 


789 


136 


16 


10 45.23 


•22 5.7 


797 


141 


17 


16 43.79 


10 27.8 


806 


146 


18 


22 31.55 


54 58 0.4 


814 


151 


19 


28 8.78 


44 47.7 


823 


165 


20 


33 35.74 


30 54.0 


831 


159 


21 


38 52.72 


16 23.0 


839 


163 


22 


44 0.00 


1 18.6 


847 


167 


23 


48 57.91 


63 45 43.4 


855 


171 


24 


53 46.76 


29 41.3 


863 


175 


25 


58 26.87 


13 14.6 


871 


179 


26 


14 2 58.55 


62 66 26.2 


879 


183 


27 


7 22.09 


39 18.3 


886 


187 


28 


11 37.81 


21 53.1 


893 


191 


29 


15 45.99 


4 12.5 


900 


194 


30 


19 46.91 


51 46 18.4 


907 


197 


Dec. 1 


23 40.83 


28 12.3 


914 


200 


2 


27 28.04 


9 65.8 


921 


203 


3 


31 8.78 


50 51 30.2 


928 


207 


4 


34 43.29 


32 56.8 


934 


210 


5 


38 11.84 


14 16.7 


940 


213 


6 


41 34.62 


49 55 31.2 


947 


215 


7 


44 51.88 


-49 36 40.7 


0.00953 


0.218 



The following star-positions referred to the mean equinox 
and ecliptic of 1891.0 have been used : 



No. a 

b m • 

1 7 30 55.65 

2 7 36 36.55 

3 7 44 18.72 

4 7 50 15.24 

5 7 54 55.50 

6 8 5 2.95 

7 8 8 24.47 

8 8 8 31.08 

9 8 10 0.19 

10 8 15 7.56 

11 8 17 27.55 

12 8 21 30.87 

13 9 32 55.48 

14 9 38 55.67 

15 9 40 55.25 

16 9 49 50.45 



-27 52 29.4 

29 17 43.9 

30 29 4.8 

32 12 16.0 

33 36 56.5 

35 8 9.0 

36 39 44.1 
36 20 24.5 

36 37 16.9 

37 50 8.6 
39 16 25.5 
39 31 6.7 

48 51 59.9 

49 38 37.5 
49 30 29.3 

-50 37 55.7 



tone: Cape IHW». 

;. (Jeneral Cntal. ; 2d WaahlDKton ; 



Authority 

Wash.M.Cir.Z. 84, No.l03 
Arg. General Catal. 
Arg. Gen. Catal. ; Yarnall 

Washlnffton Mer. Tr. Zone 217, No. 64. 

Arg. Zone Catal. 
WashlnKton Met. Cir. Zone IW, No. 11. 

Arg. Zone Catal. 
Arc. (ieneral Catal. : 2d WaBhlngton 

St( " — — 

stone; Cape I860. 
WashinKton Mer. Circle Zone 171, 
No. 26 

Arg. General Catal. 

Waahinjrton Mural Zone 234. No. 26; 

Argentine Zone Catal. 
Arc. (Jeueral Catal.; 2d Washington; 

.Stone ; Cape 1850. 

Arg. General Catal. 

Arg. Cieneral Catal.; Stone: Cape '40: 
'60; '85: 'W; Madras Gen. Catal 

Arg. Zone Catal. 
Arg. General Catal. 
A.G.C.; Stone ; Cape'40-'50 
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No. 


a 


8 




Authority 


No. 


a 


S 


Authority 




17 


1i m • 

9 55 49.11 


5l''l9'37'3 


Arg. 


General Catal. 


31 


14 2 39.92 


52°55' 6'.9 


Arg. General Catal.; Stone 


18 


10 142.46 


51 52 32.4 


Arg. 


General Catal. 


32 


14 20 5.28 


52 1 67.8 


Arg. General Catal. 




19 


10 3 6.12 


52 11.4 


Arg. 


G.C.; Stone; Cape '50 


33 


14 25 2.57 


61 29 12.5 


Arg. General Catal.; Stone 


20 


10 32 24.70 


53 40 '22.1 


Arg. 


General Catal. 


34 


14 36 30.13 


50 12 19.6 


Arg. Zone Catal. 




21 


10 47 26.95 


54 33 35.5 


Arg.G.C. ; Stone ; Cape '60 


.•55 


14 37 0.58 


50 43 37.3 


Arg. General Catal. 




22 


12 25 20.44 


56 22 22.0 


3 com p. with y Crucis 


36 


14 43 25.23 


49 38 27.2 


Arg. Zone Catal. 




23 

24 


12 31 9.12 
12 40 7.61 


56 11 15.7 
55 53 31.6 


Arg. General Catal. 
A.G.C.;Stone;Cape'40,'50 


The following 


new proper motions have been used : 




26 


12 50 57.99 


55 42 59.5 


A.G.O. ; Madias Gen. C. 




No. 21 


Ju = -0*006 


Jh = 


0.000 




26 


13 12 41.67 


55 24 11.8 


4 comp. with No. 28 




9A 


+0.002 




—onii 




27 
28 


13 13 29.41 
13 14 3.27 


55 11 29.4 
55 13 41.2 


Arg. 
Arg. 
Arg. 


General Catal. 
General Catal.; Stone 


In comparing 


the observations with the ephemeris, 


the 


29 


13 17 2.95 


54 49 4.0 


General Catal. 


time of observation has been corrected for aberration, 


and 


30 


13 55 20.15 


53 27 58.7 


Arg. 


Zone Catal. 


then reduced to the meridian of Greenwich 


. 






Date 


Place 




a apparent n 




0— C 

Ja cos 8 


S apparent 


n 


0-C 
J8^ 


* 


Oct. 


3.03695 


Mt. Hamilton 




7''31°'25!20 -0.26 


- 6^3 


-27° 52' 18^6 


+8'o 


+21J 


1 




4.00455 


(( 




37 0.36 


.36 


3.0 


29 17 3.6 


7.7 


17.3 


2 




5.00022 


(( 




42 54.02 


.38 


10.8 


30 43 52.3 


7.7 


10.1 


3 




5.99582 


it 




48 58.91 


.41 


5.7 


32 15 28.3 


7.7 


(-6'26''.3) 


4 




7.00977 


(( 




55 20.62 


.42 


- 3.7 


33 36 46.0 


7.9 


- 5.5 


6 




8.U1554 


a 








, , 


35 1 12.7 


8.2 


+ 10.0 


6 




8.03347 


it 




8 1 '57.5*8 


.34 


+ 3.7 


. . . . 


, 


, , 


6 




9.00940 


C( 




8 26.27 


.39 


+ 5.6 


36 23 34.6 


+7.9 


+ 3.4 


8 




9.15258 


Sydney 




9 23.28 


.63 


- 7.4 


34 62.9 


-3.1 


17.1 


7 




9.25637 


(( 




10 0.09 


.45 


- 0.7 


42 18.3 


-0.8 


16.0 


9 




10.01027 


Mt. Hamilton 


15 15.76 


.41 


+ 8.8 


37 44 42.7 


+7.9 


4.4 


10 




11.15711 


Sydney 




23 17.39 ■ 


.65 


- 3.7 


39 14 56.5 


-3.2 


15.8 


11 




11.23089 


n 




48.70 


.51 


- 4.8 


20 49.1 


0.8 


9.6 


12 


Oct. 


19.76897 


Cordoba 




9 31 0.54 


.74 


+ 1.6 


48 46 2.6 


2.0 


+ 3.0 


13 




19.78790 


« 




9.51 


.72 


- 5.4 


47 10.6 


1.3 


- 4.1 


13 




20.79807 


(( 




39 49.73 


.72 


- 7.2 


49 38 56.6 


1.0 


+ 3.1 


16 




20.82112 


it 




40 2.20 


.68 


- 1.2 


40 3.7 


-0.3 


+ 6.5 


14 




20.83521 


« 




9.03 


.64 


- 5.5 


46.2 


+0.2 


+ 6.4 


14 




21.81367 


i( 




48 41.18 


.70 


+ 9.5 


50 27 42.0 


-0.5 


+ 0.7 


16 




22.84073 


cc 




57 41.21 


.65 


- 4.2 


51 13 37.3 


+0.3 


-10.8 


17 




23.81578 


l( 




10 6 20.14 


.72 


+ 1.3 


53 32.5 


-0.5 


0.0 


18 




23.83821 


(( 




32.72 


.67 


+ 6.9 


54 24.7 


+ 0.2 


1.7 


19 




26.81974 


(k 




33 11.00 


.73 


- 3.9 


53 37 17.9 


-0.6 


- 0.1 


20 




28.82513 


a 




51 7.12 


.72 


+ 1.3 


54 30 28.9 


-0.5 


+ 0.4 


21 


Nov 


. 8.82389 


Cordoba 




12 22 20.91 


.70 


- 6.8 


56 13 10.5 


-1.3 


+ 7.6 


22 




9.82341 


Cl 




29 41.73 


.70 


+ 3.7 


10 21.8 


1.4 


- 4.6 


23 




10.82869 


(I 




36 62.35 


.69 


+ 1.8 


5 49.5 


1.3 


6.4 


24 




11.81539 


(( 




43 44.08 


.68 


+ 1.5 


55 69 51.7 


1.7 


0.2 


24 




12.80694 


(( 




50 25.90 


.67 


- 3.4 


52 46.2 


2.0 


5.0 


25 




15.80859 


a 




13 9 34.66 


.64 


-11.3 


24 13.7 


2.1 


2.6 


28 




15.82961 


a 




43.96 


.64 


+ 2.3 


23 1.8 


1.5 


4.0 


26 




16.80983 


(C 




15 36.98 


.63 


- 0.8 


12 44.2 


2.1 


1.7 


27 




17.81480 


<c 




21 28.07 


.62 


- 4.2 


20.3 


2.0 


- 0.1 


29 


Nov 


. 23.81328 


Cordoba 




52 54.34 


.57 


+ 2.4 


53 32 34.4 


2.1 


+ 6.4 


30 




25.81480 


a 




14 2 9.58 


.55 


+ 1.6 


52 59 29.2 


2.0 


+ 3.4 


31 




28.80785 


(( 




14 59.46 


.52 


+ 0.8 


7 31.6 


2.2 


+ 3.7 


32 




30.80338 


i( 




22 55.84 


.51 


- 0.2 


51 31 45.8 


2.2 


- 1.3 


33 


Dec 


. 3.80628 


n 




34 2.75 


.49 


+ 0.6 


50 36 30.6 


2.1 


+ 0.3 


35 




4.80494 


a 




37 31.63 


.48 


- 4.6 


17 57.2 


2.1 


- 3.7 


34 




6.79378 


<i 




44 11.66 


.46 


- 2.7 


49 40 34.7 


2.3 


- 0.4 


36 




6.81202 


ct 




15.46 -0.47 


- 0.4 


32.7 


-1.9 


(+1'40''.9) 


36 



The observations have in general received the weight ' by subtracting twenty minutes from the time of observa- 



unity. Those in ( ) have been rejected entirely, and three 
others have had their weight reduced. The hour-angle of 
the second Sydney observation on Oct. 9 has been corrected 



tion. For the first observation on Dec. 6 the difference 
5|c— <^ in declination has been made to read —2' 4'^.6, in- 
stead of — 24".56, as printed. 
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Combining in the usual manner, the following normal 
places result, referred to the mean obliquity and equinox 
of 1891.0. 





a 


S 


O-C 
JacosS J8 




h m • 


O / # 


# # 


Oct. 8.0 


2 1 42.67 


-34 59 45.79 


-2.33 +10.81 


23.0 


9 59 4.61 


51 20 5.64 


0.62 + 0.74 


Nov.13.0 


12 51 41.03 


oo 51 0.89 


1.35 - 1.89 


Dee. 1.0 


14 23 38.60 


51 27 58.20 


0.31 + 1.20 



By a very rough preliminary computation it was ascer- 
tained that the large residual in declination for Oct. 8 
could be made to practically vanish by slight changes in 
the elements most intimately connected with the perihelion 



passage, ^he further work is therefore based upon the 
elements 

T = Nov. 13.54150 G.M.T. 

w = 269° 34' 31'^.6 
log q = 9.9872612 

and these corrected elements leave the residuals 

9a cos 8 6^8 

-0.'l2 -0.28 



-0.56 
-2.05 
+0.09 



-1.68 
-1.09 
+ 3.61 



Using Schonfeld's notation the equations of condition 
are 



Wt. 

+650 ^it -803Kyj2^T + 66Bq +1699X -182 ^v = - 12 + 227c>€ 3 

_247 -204 +118 =r 56 + 111 3 

414 539 + 7 = -205+ 1 2 

351 -501 -230 = + 9+ 1 2 

605 +741 800 = - 28- 53 3 

207 832 479 = -168+ 20 2.5 

347 471 - 7 = -109+ 2 2 

549 236 +108 = +361 - 40 2 



559 

263 

+ 132 

-549 

+ 23 

430 

535 



701 
278 

- 63 
+377 

- 87 
452 
459 



the units being the third decimal place for the coefficients 
and the hundredths of a second for the absolute terms. 



From these equations of condition the following normal 
equations are deduced : 



+4221 ^K -U06Ky/2dT - 500 dq 
-4406 +4826 + 816 

- 500 + 816 +2830 

- 944 + 400 -1379 
+ 1188 - 682 +1619 



- 9449X +11889v= +106 + 667 c?c 
-h 400 - 682 = + 33-811 
-1379 +1619 = + 21+ 92 
+5230 -2676 = -105- 49 
-2676 +2764 = +340+ 12 



The elimination equations are 



^K^10UK^2^T - USDq - 224 9X + 281 ^v 

K^i3T +1258 ay -2487 ax +2360 ^v 

3q - 315 ax + 446 ai' 

ax - 207 av 



+ 25 +160a€ 
+606 -449 ac 
- 61 +127a€ 
+ 69 - 20 ac 
+ 169 -155 ac 



The most probable values of the unknown quantities 



are 



aK = +6.09 
KV2aT = +5.94 

ay = —1.03 
ax = +1.04 
av = +1.69 



-0.239 ac 

-0.431 

+0.180 

-0.052 

-0.155 



and the corrections to the elements are 

aT= +0.00118 -[5.9340]a€ 
aa> = +6^45 - 0.271 ac 

as = -1.74 + 0.158 ac 
at = -1.05 + 0.053 ac 

3q = -0.0000050+ [3.9409] ac 
where ^t is understood as expressed in seconds of arc. If 



a parabolic form is assumed for the orbit, the resulting 
elements and their probable errors are 

T = Nov. 13.54268 ±0.00179 G.M.T. 

u) = 269 34' 38.0 ±7.0) 

i = 77 59 53.6 ±1.4^.1891.0 

ft = 218 11.7 ±3.2) 

log q = 9.9872590 ± 42 (units of 7th place) 



X = 

y = 



9.9021712 
9.8927475' 
9.9382445' 



r sin (188 48 21.80 + v) 
T sin (135 53 7.10+v) 
r sin (253 10 4.33 +v) 



A comparison of the residuals obtained by computing 
an ephemeris for the dates of the normal places, with 
those that result from direct substitution in the equations 
of condition is given as proof of the numerical accuracy 
of the solution. 
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Aa COS 8 
Eq. of Cond. Elements. 



+0.89 
-0.04 
-1.88 
+0.21 



+ 0.86 
-0.10 
-1.85 
+0.19 



J8 
Eq. of Cond. 

+.0.'78 
-1.57 
-1.87 
+ 2.08 



Elements. 

+ 0.86 
-1.57 
-1.88 
+ 2.06 



If the results given above are substituted in the weighted 
equations, the sura of the squares of the residuals becomes a 
minimum for ^€ = — 139''.5 and 2^(pvv) becomes only 



9".7, the individual residuals being 



Several characteristics of these residuals suggest that 
the parabola may not be the true form of the orbit. Cer- 
tainly the one represented by these elements is little, if 
any, better than that produced by the supposition that the 
corrections to the longitude of the node and the inclina- 
tion are zero. It will be noticed that Z {pvv) has only 
dropped from 45'M to 33".l and that the probable errors 
of the elements in all cases except that of log q exceed 
the corrections themselves. A direct solution of the 
equations, retaining the eccentricity as an unknown quan- 
tity indicates a tendency toward an ellipse. The coefficient 
of 3€ in the last equation becomes so small, however, that 
its theoretical weight is practically at the vanishing point. 
Syracuse University, June 19, 1903. 



Ja COS 8 


J8 


# 


# 


-0.16 


-0.58 


-0.74 


+0.73 


+0.73 


+ 1.18 


+0.79 


+0.45 



The range of uncertainty is quite large so that this 

value of c)€ can not by any possibility be considered as 

fixed within a limit of ± 40*^. The ellipse above indicated 

has an eccentricity of 0.999324 and the other elements 

are 

T = Kov. 13.5547 G.M.T. 



« = 269 35 16 
t = 77 59 46 
SI = 217 59 50 
log q = 9.987204 



1891.0 



V 



ON THE APPARENT ELLIPTICITY OF MABS, 

By E. E. BARNARD. 



At the opposition of Mars in 1894 the disc of the planet 
appeared decidedly elliptical with the 36-inch of the Lick 
Observatory. On two dates I made settings for the position 
angle of the apparent equation. 

1894 Oct. 15'*l/30°' P. A. = 62^6 
Nov. 4 11 50 43.8 

53.2 
These are discordant. It is, however, difficult to measure 
the position angle of an ellipticity of this kind. I was not 
looking for ellipticity of the disc, and was surprised when 
it was noticed. Thinking there might be some deception 
in the matter, I have never referred to the observations. 

At the opposition of this spring, I was again struck with 
this peculiarity, and on four dates made settings for the 
position of the apparent equator. 

d h m o 

1903 Mar. 25 10 P. A. = 122.9 

30 11 133.2 

Apr. 4 10 121.0 

6 9 30 122.8 



From the ephemerides of Mars printed in the Monthly 
Notices, E,A,S,, for April 1894, and June 1902, by Mr- 
Marth and Mr. Ckommelik, respectively, I find the po- 
sition of the Martian equator for the approximate dates of 
observation, and residuals C — O, 



In 1894 
In 1903 



Comp. 

54^5 
120.0 



C—O 

o 

-5 



125.0 



The accordances with the known position of the equator 
leads me to think the apparent ellipticity may be real. If 
it is real, the ellipticity of the planet must be decidedly 
greater than the theoretical value. It is a well known fact 
that observations differ greatly in respect to the polar com- 
pression of 3Iars. Some of the larger values obtained 
would make it readily apparent to the eye. 

In the observations the eyes were placed in different 
positions with respect to the direction of the ellipticity, 
which remained unchanged and decided in character. 

Terkes Observatory, IVmiams Bay, Wis., 1903 April 26. 



SUSPECTED VARIABLE NEAR B CYGNI, 

By ORMOND stone. 

July 15, 1903, a star of 10^.8, 14' preceding and 0'.8 north of 7045 R Cygni, was seen by Mr. Chas. P. 
Olivier and Mr. G. F. Paddock with the 26-inch equatorial of this Observatory. No star is shown in this place 
on Hagen's chart. July 18 it was estimated at 14". 5, and July 19 at 14**.7. 
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DOUBLE-STAR MEASURES, 

By JOHN A. MILLER and W. A. COGSHALL. 



The stars in the following list are those which were 
noted as double by the Berlin observers while making 
the observations for the Catalog of the Astronomische 
Gesellschaft (Zone 20*-25®), no measures of which have 
hitherto been published. The list was prepared by Pro- 
fessor S. W. BuRNHAM. The measures were made with 
the 12-inch refractor of Kirkwood Observatory, to which 
is attached a micrometer by Warner and Swasey. 

The position angle for each night is the mean of four 
settings, and the distance the mean of three settings. 



The stars which have been noted as double by the Berlin 
observers, but which seem to us single, have been ex- 
amined on two or more nights, and pronounced single after 
having been observed at least once when seeing was steady. 
The magnitude given is the average of estimates made at 
the time the stars were measured. The letter C. follows 
the measures made by Mr. Cogshall, and the letter 
M. those made by myself. The positions given are for 
1900. 

John A. Miller. 



DM. 20^8. A.G. 56, 8«.9 ; 9«.4. 
a - Oh iim 4^0.99 ; 8 = -|-21« 18' 11'.9 



t 

1902.793 
1902.804 
1903.030 



135?4 
133.8 
133.7 



1J3 
1.63 
1.92 



1902.876 . 134.3 



1.79 



M. 



DM. 23^35. A.G. 305. 9".0 ; lO-.O. 

a = 0»» 63" 21-.78 ; 8 = -|-24° 8' 86'.6 
1902.785 109.4 3.92 
1902.804 112.1 3.80 
.845 112.5 3.91 



1902.811 



111.3 



DM. 25^39. 

a = 0»» 56« 2V.11 ; 

1902.785 244.5 

.804 243.3 

.826 242.3 



3.88 C. 

A.G.314. 

8 = -|-28<»lft'21'.7 

4.61 

4.18 

4.66 



1902.805 243.4 4.48 
DM. 20''154. A.G. 330. 9-.8 



M. 
9«.9. 



a = 1»» 0« 1K43 ; 

1902.785 201.9 

.804 206.2 



8 = -|-20°81'8'.9 
0.83 
0.85 



1902.795 204.1 



0.84 



DM. 20^410. A.G.757. 9«.4. 
a = 2»» 25» 17-.44 ; 8 = -1-21® 8' 40'.6 
1902.017 247.9 4.41 
.115 246.9 4.50 
.131 246.9 4.65 



1902.088 



247.2 



4.52 



DM. 20''607. A.G. 907. 
a = 8»» 0™ 8«.72 ; 8 = -f 20® 28' 84'.2 



i 

1902.804 

.826 

1903.227 



2o!*2 
22.7 
31.1 



0.80 
0.89 
0.93 



1902.922 



24.7 



0.87 



M. 



DM. 21''442. A.G. 989. 9« ; 11". 
8 = -1-21° 17' 42'.4 
3.91 
4.00 
3.54 



a = 3»» 14™ 59«.69 ; 

1902.131 287.9 

.826 284.0 

1903.162 283.4 



1902.706 



285.3 



3.82 



M. 



DM. 22''620. A.Q. 1298. 9« ; 10-. 



a = 8»» 66" 7*. 79 ; 

1902.017 174.2 

.151 170.7 

1903.068 170.4 



8=-|-23°8'57'.4 
1.69 
1.60 
1.35 



1902.412 171.7 



1.55 



M. 



DM. 24^72. A.G. 1662. 
a = 6«» 4«» 86«.67 ; 8 = -|-260 1' 18'.5 
1902.151 Not double. 
Marked **obl." In one zone in A.G. Catal. 

DM. 22^978. A.G. 1856. 8" ; 9*'.5. 
a = 6»» 34» 0«.82 . 8 = 4-22° 28' 46'.3 
1902.017 142.8 7.10 

1903.022 144.0 7.07 

1903.068 142.5 6.93 



1902.702 143.1 



7.03 



DM. 21-1008. A.G.1992. 
a =5 6" iS" 37».85 ; 8 = +21° 4T 47'.9 
1902.195 Not double. 
Marked " dupl. seq. maj." In A.O. Catal. 

DM. 20''1216. A.G.2113. 8".8. 
o = 6" SS" 6'.40 , 8 = +20" 18' 48».6 

eo^ p. 

1902.115 100.4 14.08 
.131 103.4 14.35 
.151 96.2 14.91 

1903.023 100.7 14.14 


1902.355 100.2 14.37 C. 

DM. 20''1259. A.G. 2175. 8«.7 ; 10". 

o = 6* O" 46«.04 ; 8 = +20° 6' SO'.O 
1902.195 198.5 1.50 
.214 199.4 1.53 


1902.205 199.0 1.51 M. 

DM. 24''1161. A.G.2242. 9» ; 9«.2. 

o = «^a»41'.64 ; 8 =x +24° 27' 2».7 
1902.161 181.2 1.85 
.196 179.4 2.07 
1903.068 . 182.6 1.63 


1902.471 181.0 1.85 M. 

DM. 22"'1280. A.Q. 2308. 8".7. 
,0 = 6'' 18" 43«.7» ; 8 = +22° 9' 5'.5 
1902.151 48.8 1.73 
.195 50.2 1.51 
.208 49.1 1.66 


1902.185 49.4 


1.63 C. 



(167) 
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DM. 24^270. A.G. 2392. 9« ; 9M. 
a = 6>» 21"» 2l>.90 ; 8 = -|-24° 35' 32'.0 
t $0 po 

1902.151 209?5 2!'81 

.208 206.8 2.52 

1903.151 210.0 2.18 



1902.503 208.8 



2.50 



M. 



DM. 23^480. A.G. 2559. 8«.5 ; 9«. 
a = e** SS"* 83».02 ; 8 = +23° 32' 54'. 1 
1902.151 76.4 1.45 

.195 77.7 1.46 

.208 76.2 1.60 



1902.188 



76.8 



1.50 



C. 



DM. 21^1445. A.G. 2696. 
a = 6»» 61" 46«.95 ; 8 = -|-21° 8' 57M 
1902.195 Not double. 



Marked " 


dupL?" in 


one zone 


in A.6. 


Catal. 








DM. 24n508. A.G.2739. 9« 


; 9".2. 


= 0" 66' 


■" 62'.B7 ; 


8 = +24° 86' 5'.6 


1902.208 


23.3 


1.64 




.214 


20.6 


1.28 




1903.151 


21.5 


1.29 




.162 


19.9 


1.69 




1902.684 


21.3 


1.48 


M. 



DM. 22^655. A.G. 2911. 

a = 7»» 16" 12».30 ; 8 = -|-22<' 50' 5'.6 

1902.195 Not double. 

Marked *^dupl.?'^ in one zone in A.G. 
Catal. 

DM. 22^797. A.G. 3152. 9- ; 10-.5. 



a = 7h 45m 57..09 . 

1902.195 329.8 
.208 329.5 
.214 331.6 



8 = +22° 30' 44'.6 
10.92 
11.36 
11.01 



1902.206 330.3 11.10 C. 

DM. 22^1678. A.G. 2941. 8-.7 ; W.3, 

a = 7»» 20™ 0«.95 ; 8 = -|-22o 17' S'.l 
1902.214 176.1 1.55 

.271 175.6 1.59 

1903.022 174.1 1.58 



1902.502 



175.3 



1.57 



C. 



DM. 20^2095. A.G. 3396. 

a = 8»» 23>n 40«.46 ; 8 = -|-20° 45' 41'. 1 

1903.208 Not double. 

Marked **dupl.?*' in one zone in A.G. 
Catal. 

DM. 23*^1978. A.G. 3449. 9-.2 ; 10-.2. 

a = S^" 31™ 4M4 ; 8 = +23° 35' 49».3 
1902.291 7.9 1.61 

1903.151 5.8 1.52 

1903.162 7.5 1.65 



1902.868 



7.1 



1.59 



M. 



DM. 25°1997. A.G. 3558. 

a = 8»» 42"» 21*.20 ; 8 = +24° 57' 10'.5 

1902.291 Not double. W.A.C. 

Marked **dupl.?" in one zone In A.G. 
Catal. 

DM. 23^2004. A.G. 3559. 9- ; 9^.1. 
a = 8»» 44" 37^28 ; 8 = +23° 30' 8'.7 
t $0 Po 

1903.153 71A 1.71 

.208 73.7 1.61 

.227 75.7 1.78 



1903.196 



73.6 



1.70 



M. 



DM. 24°2053. A.G. 3688. 9" ; 9-.5. 

a=9h7™47«.23 ; 8 = +24° 28' 10'. 5 
1902.227 318.5 4.94 

.271 316.7 4.66 

.307 318.8 4.18 



1902.268 318.0 4.59 M. 

DM. 24^2089. A.G. 3766. 

a == 9>» 22™ 59».25 ; 8 = +24° 14' 25'.7 

1902.271. Not double. 

Marked **dupl.?" in one zone in A.G. 
Catal. 

DM. 21*^2128. A.G. 3876. 

a = 9»» 51™ 22».52 ; 8 = +21° 15' 12'.6 

1902.304 Uncertain. 

.373 Probably elongated. 

Marked **dupl.?" in one zone in A.G. 
Catal. 

DM. 23^2288. A.G. 4150. 

a =r 10J» 54™ 27».48 ; 8 = +23° 46' 2'.2 

1902.271 Not double. 

Marked **dupl., med.,*' in one zone, and 
single in three zones in A.G. Catal. 

DM. 22^2387. A.G. 4323. 

a = 11»» 34" 19«.28 ; 8 = +21" 52' 0'.9 

1902.271 Not double. 

Marked **comp. 9**. 5, 1-2 sec?" in one zone 
in A.G. Catal. 

DM. 23°2471. A.G. 4544. 8»'.8 ; 9".4. 
a = 12»» 27" 45«.41 ; 8 = +23° 33' 47'.3 
1902.271 312.2 0.88 

.307 320.4 0.76 

1903.206 311.8 0.99 



1902.595 



314.8 



0.88 



M. 



DM. 21°2434. A.G. 4563. 

a = 12h 31" 49«.01 ; 8 = +20" 47' 14'.8 

1902.373 Probably double. 

Marked **dupl.?'' in one zone in A.G. 
Catal. 

DM. 23''2528. A.G. 4672. 
a = U^ 57" 42».56 ; 8 = +23° 29' 4'.2 
Single. Marked **dupl. 2-3 sec. comp. less 
than9«'' in A.G. Catal. 



DM. 23*^2530. A.G. 4674. 
a = 12»» 58" 7».23 ; 8 = +23° 10' 32'.4 
Single. Marked **dupl. pr. " in A.G. Catal. 

DM. 24^2532. A.G. 4681. 9" ; 9".5. 
a = 12»» 58" 48-. 34 ; 8 = +24° 10' 50'.3 
t Oo^ Po 

1902.307 127.8 3.17 

.373 . . 2.04 

.411 129.5 2.25 

1903.206 127.7 2.54 

.266 128.4 2.59 



1902.713 128.3 2.52 C. 

DM. 24'»2542. A.G. 4702. 
a = 13»» 3" 14-.85 ; 8 = +23° 56' 48'.7 
Not double. Marked ** dupl. maj.? " In two 
zones in A.G. Catal. 

DM. 21''2531. A.G. 4789. 9''.1 ; 9-.5. 

a = IZ^ 22" 21».7l f 8 = +20° 58' 52'.6 
1902.307 305.3 1.16 

.444 305.7 1.31 

.504 300.2 1.16 

1903.206 305.2 1.50 



1902.615 



304.1 



1.28 



M. 



DM. 24^2588. A.G. 4798. 8«.8 ; 12-. 
a = 13»» 28" 66».70 ; 8 = +24° 5' 55 '.3 
1902.307 245.4 3.69 

.444 248.3 2.51 

.515 248.7 2.43 



1902.422 247.5 2.88 C. 

DM.23''2682. A.G. 5046. 
a = 14»»15"33*.21 ; 8 = +23° 30' 49'.5. 
1902.504 Double, but too close to meas. t 
Marked *^ dupl.? ^' in one zone. 

DM. 21^2798. A.G. 5383. 9« ; 10«. 

a = 15*» 35" 22».90 ; 8 = +21° 36' 8'.3. 
1902.444 129.5 2.80 
.520 131.7 2.47 
1903.227 128.4 2.68 



1902.730 129.9 



2.65 M. 



DM. 20°3216. A.G. 5528. 
a = 16»» 4" 19».89 ; 8 = +20° 40' 10'.6. 
1902.518 Not double. 
Marked " dupl.? " in one zone. 

DM. 24°3048. A.G. 5715. 
a = 16»» 40" 18-.09 ; 8 = +23° 59' 7 '.3. 
This is a nebula. Marked ** multiple" in 
Catal. 

DM. 24^3080. A.G. 5764. 9" ; 11«.5. 

a = 16»» 50" 28».76 ; 8 = +24° 41' 22 '.3. 
1902.411 209.6 2.20 

.502 213.9 2.12 

.504 209.4 1.84 

.695 210.9 2.09 



1902.528 210.9 



2.06 M. 
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DM. 23^3151 
a = n^ 33"» 89«.01 ; 

t $0^ 

1902.411 172.4 
.504 170.5 
.698 17 3.4 

172^1^ 



A.G.6056. 9" ; 9-.3. 



5 = +22° 58' 11 '.2. 

2.65 
2.81 
3.02 



1902.538 



2.83 



M. 



DM.20°3540. A.G. 6078. 9" ; 9«.5. 



a = n** 36« 19-.02 ; 

1902.41 1 127.7 

.504 128.5 

.531 133.0 



5 = -1-20° 19' 49'.3. 
2.33 
2.46 
2.30 



1902.482 



129.7 



2.36 



DM. 21.3386. A.G. 6410. 9" ; 9-.2. 



a = 18»» 15"46*.91 



1902.515 

.698 

1903.266 

1902.400 



191.6 
197.0 
197.0 
193.9 



8 = -|-21°17'20'.7. 
1.56 
1.34 
1.43 
1.43 



1902.970 



194.9 



1.44 



M. 



DM. 24°3423. A.G. 6481. 
a = 18»» 28™ 27''.24 ; 8 = -|-24° 18' 68'. 7. 
1902 Not double. 
Marked **dupl. pr. med.'' in Catal. 

DM. 24°3798. A.G. 7129. 

a = 19»» 31™ 53».62 ; 8 = -|-24° 30' 24'.6. 

1902.559 Not double. 

Marked **obl.?" in one zone in A.G. 
Caul. 

DM.21°3994. A.G. 7387. 9« ; 10-.4. 

a = 19»» 53'" 57-.56 ; 8 = -|-21° 52' 4'.8. 
1902.515 278.2 1.21 

.824 273.3 0.96 

.848 275.:^ 1.31 



1902.729 



r5.6 



1.16 



M. 



Indiana University, BloomingtoUy Ind. 



DM. 24^4017. A.G.7504. 
a = 20»»4"41M2 ; 8 = -|-25° 2' 41'.6. 
1902.583 Uncertain. 
Marked " dupl.? ? " in one zone in Catal. 

DM. 24.4202. A.G. 7824. 8«.6 ; 10-.2. 
a = 20»> 33™ 50-.64 ; 8 = -|-24« 49' 52'.4. 

t $0 Po 

1902.693 218°7 10.41 
.706 218.3 10.30 
.766 217.5 10.66 



1902.722 218.2 



10.46 



M. 



DM. 24^4235. A.G. 7921. 9- ; 9M. 
a = 20h 41™ 16«.66 ; 8 = -(-24° 19' 55'.5. 
1902.695 355.7 1.43 

.766 357.5 1.81 

.818 359.3 1.80 



1902.760 



357.5 



1.68 



M. 



DM. 20^4822. A.G. 8079. 8».8 ; 10-.4. 

a = 21»>0™5«.62 ; 8 = -|-20*» 29' 6'.2. 
1902.695 173.4 7.64 

.766 172.9 7.38 

.818 176.8 7.63 



1902.760 



174.4 



.55 



M. 



DM.22°4456. A.G. 8332. 9" ; 9-.5. 

a = 21*' 35™ O*. 29 ; 8 = -|-22° 54' 27'.4. 
1902.695 153.2 8.74 

.818 153.1 8.76 

.826 154.1 8.53 



1902.780 153.5 



8.68 



M. 



DM. 21^*4611. A.G. 8379. 9^2 ; 9«.5. 

a = 21»>40™63Ml ; 8 = -|-2P 28' 46'.8. 
1902.695 356.4 1.88 

.818 358.1 -i.ee 

.826 359.2 1.69 



1902.780 357.9 



1.74 



M. 



DM. 20°5007. 


A.G. 8383. 


o = 21>'41>" 


26'.38 ; 


S = +20° 42' 31 '.5. 


t 

1902.695 
.766 
.826 


233°4 
232.6 
234.4 

233.5 


Po 

2.05 
2.19 
2.05 


1902.762 


2.10 M. 


DM.21''4711. 


A.G. 8560. 


o = 22''8«' 
1902.785 
.826 
1903.088 


26'.61 ; 
230.6 
230.6 
232.4 


8 = +21° 18' 1'. 6. 
5.05 
5.00 
4.82 


1902.900 


231.2 


4.96 M. 


DM. 21"'4718. A.G. 8568. 8«.8 ; 9".8. 


0=22'' 10' 

1902.785 

.804 

.826 

1903.088 


•e'.JS ; 
19.1 
20.6 
19.4 
26.1 


8 = +21''27'l8'.0. 
1.68 
2.26 
1.94 
1.64 


1902.876 


21.3 


1.88 C. 



DM. 23^4600. A.G. 8733. 
a = 22»» 40™ 2».83 ; 8 = -|-23° 51' 12'.0. 
1902 Single. 
Marked *^obl?^' in one zone in Catal. 

DM. 22°4769. A.G. 8840. 9" ; 9-.5. 



a = 22»>58™54».80 ; 
1902.785 228.3 
.807 224.8 



8 = -|-22*»37'2M. 
2.04 
1.80 



1902.796 



226.6 



1.92 C. 



DM. 22^4936. A.G. 9171. 
a = 23»» 54™ 1".71 ; 8 = -|-22° 53' 56'.2. 
1902.766 Single. 
Marked "dupl.?'' in Catal. 



OBSERVATIONS OF THE STAR KRUEOER 60, 



MADE WITH THE 

By E. E. 

In 1800 Professor Burn ham, at the Lick Observatory, 
measured a list of stars noted by Krueger as double in his 
catalogue of the Astronomische Gesellschaft. 

In the Astronomical Journal, 486, p. 47, Mr. Eric 
DooLiTTLE gives a list of measures of No. 60 of this list, 
and shows that the stars A and B had greatly changed 
their places when compared with the measures of Professor 
BuRNHAM in 1890. 

In concluding, Mr. Doolittle says : " Though the meas- 
ures are so few, they indicate that there is here a faint 
star with a large proper motion, attended by a minute 
companion, which either has a large proper motion of its 
own, or else is in rapid revolution about the primary." 



40-INCH TELESCOPE, 

BARNARD. 

When Mr. Doolittle's measures were published, it 
appeared to me wholly improbable that two faint stars, so 
near each other, should have such motions without being 
physically connected. In A,J, 488, p. 64, I have printed 
some measures which I obtained in 1900 of these objects. 
These clearly showed the motion assigned to the stars by 
Mr. Doolittle. 

Acting upon the assumption that A and B must be a 
binary system, I have since carefully measured these stars, 
and the measures of the present year clearly show that the 
motion of B with reference to A cannot be rectilinear even 
when compared with my measures of 1900, 1901 and 1902 
alone. If compared with the measures of Professor 
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BuKNHAM in 1890 it will be 


seen that his distance AB must 




A and C. 








be nearly 2" too small to even suggest rectilinear motion. 


1902.744 


Sept. 29 


59.64 


38.27 






Following are a continuation of the measures 


of 1900 


.764 


Oct. 6 


59.69 


38.09 






printed in A.J. 488, p 


.64. 










.766 


7 


59.64 


38.31 














^ r\/\ 1 






.786 


14 


69.60 


38.49 








Observations in 


1901. 






1902.765 




59.64 


38.29 










A and B. 




















1901.729 


Sept 


23 


130.05 


3!37 








Observations in 


1903. 






.731 




24 


129.11 


3.39 


9.6 


10.6 














.748 




30 


131.50 


3.37 








A and B. 








.751 


Oct. 


1 


131.65 


3.26 






1903.380 


May 19 


122.36 


3'!32 






.783 




13 


129.69 


3.31 






.418 


June 2 


122.34 


3.42 






.805 




21 


130.59 


3.26 


9.2 


10.6 


.437 


9 


123.86 


3.40 


9.6 


11.0 


.827 




29 


130.59 


3.22 






.454 
.473 


15 

22 


123.49 
123.47 


3.37 
3.33 






1901.768 






130.45 


3.31 


9.3 


10.6 


















.492 


29 


124.90 


3.36 










A and C. 








.495 


30 


125.96 


3.26 






1901.729 


Sept 


23 


59.65 


37'.17 






.511 


July 6 


121.31 


3.61 


liSf.^^'^""- 


.731 


* 


24 
30 


69.84 
69.86 


37.19 
37.29 




9.6 


.514 
1903.464 


7 


123.18 
123.43 


3.30 
3.36 






.748 


9^5" 


u.o 


.751 


Oct. 


1 


59.52 


37.14 


















.783 




13 


59.63 


37.42 








A and C. 








.805 




21 


69.48 


37.36 




9.7 


1903.380 


May 19 

25 

June 2 


69.66 


38^69 






.827 




29 


69.49 


37.33 






.396 
.418 


59.67 
68.89 


38.67 
38.83 






1901.768 






59.64 


37.27 




9.6 


•ively bad 
















.437 


9 


69.19 


38.76 










A 


and D. 

o 


If 






.454 


16 


59.35 


38.70 






1901.783 


Oct. 


13 


23.56 


21.53 




16 


.473 


22 


69 59 


38.73 






.805 




21 


23.04 


21.71 




15.3 


.492 


29 


59.57 


38.73 






.827 




29 


23.07 


21.78 






.495 
.511 
.514 


30 
July 6 

7 


59.22 


38.73 






1901.805 




A 


23.22 
and E. 




21.67 




15.1 


59.64 
69.70 


38.83 
38.70 








1903.457 




59.42 


38.73 






1901.729 


Sept 


23 


98.93 


68.18 




12 




A 


and E. 

O 








.731 




24 


99.14 


68.47 




12 




M 






.748 




30 


99.06 


68.62 


8ta|je^dUUn«.. 


1903.437 


June 9 


97.89 


69.14 




13 


.761 


Oct. 


1 


98.92 


68.20 






.454 


16 


97.99 


69.35 






.783 




13 


99.01 


68.30 






.473 


22 


97.87 


69.18 






.805 




21 


98.91 


68.37 




11.3 


.495 


30 


97.96 


69.40 






.827 




29 


98.83 


68.61 






.511 
.514 


July 6 

7 


98.07 
97.78 


69.45 
69.49 






1901.768 




A 


98.90 
and F. 


68.39 




11.8 






1903.481 




97.93 


69.34 




13 


1901.729 


Sept 


23 


276?36 


39!60 




14 




A 


and F. 








.731 




24 


274.78 


39.52 




14 


1903.473 


June 22 


277!24 


38*46 




13 


.751 


Oct. 


1 


276.20 


39.60 






.496 


30 


276.84 


38.45 




12.5 


.783 




13 


275.33 


39.51 




15 


.611 


July 6 


277.06 


38.33 




12 


.805 




21 


275.34 


39.52 




16 


.514 


7 


277.09 


38.50 






.827 




29 


275.53 


39.55 
























1903.498 




277.06 


38.43 




12.5 


1901.771 






275.26 


39.65 




14.6 






















A and Z>.' 










Observations in 


1902. 






1903.611 


July 6 


24.68 


22J4 








Sept 


A and B. 

. 29 127 .°25 


3!33 






.614 


7 


24.09 


22.82 




15 


1902.744 


1903.612 




24.39 


22.78 




15 


.764 


Oct. 


6 


128.17 


3.43 


















.766 




7 


126.73 


3.36 






Following is 


a complete list of all the measures 


of these 


.786 




14 


126.06 


3.36 






stars that are 
kindly supplied 


known to me. Professor Burn 
me with his yet unpublished meai 


HAM has 


1902.766 






127.30 


3.37 






sures. 
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A and B. 











t 


M M 






1890.79 


178.8 


2.32 9.0 12.0 


In 


)8 


1898.45 


140.7 


3.19 9.1 10.5 


5n 


Doolittle 


1900.74 


134.0 


3.18 9.1 11.1 


in 


Doolittle 


1900.94 


133.4 


3.25 9.1 10.5 


4n 


Barnard 


1901.37 


131.4 


3.35 . 




in 


)8 


1901.77 


130.4 


3.31 . 




In 


Barnard 


1902.76 


127.4 


3.37 . 




3» 


Barnard 


1902.81 


126.5 


3.36 




in 


fi 


190.3.43 


123.5 


3.31 . 




bn 


^ 


1903.46 


123.4 


3.36 i 


J.5 ii.o 


9n 


Barnard 






A and C. 








O 


r 


u 






1890.79 


56.3 


26.82 


9.3 


In 


/3 


1898.45 


58.7 


34.39 


9.4 


5n 


Doolittle 


1900.74 


59.2 


36.18 


9.4 


in 


Doolittle 


1900.94 


59.3 


36.71 


9.4 


in 


Barnard 


1901.37 


58.6 


36.53 




4n 


iS 


1901.77 


59.6 


37.27 




7» 


Barnard 


1902.76 


59.7 


38.23 




Zn 


Barnard 


1902.81 


59.4 


38.29 




in 


)8 


1903.43 


58.5 


38.61 




5n 


^ 


1903.46 


59.4 


38.73 

A i 


»d v. 


10» 


Barnard 




o 


K 


u 






1900.94 


21.0 


21.29 


15.5 


2n 


Barnard 


1901.80 


23.2 


21.67 




3» 


Barnard 


1903.51 


24.4 


22.78 

A y 


" .' 15.6 
Bind E, 


2» 


Barnard 




o 


M 


M 






1900.94 


99.0 


67.83 


13.0 


3n 


Barnard 


1901.34 


98.5 


67.08 




3» 


fi 


1901.77 


98.9 


68.39 


• . • • 


7» 


Barnard 


1903.48 


97.9 


69.34 

A 1 


. . 13.0 


6» 


Barnard 







f 


u 






1901 77 


275.3 


39.55 




6» 


Barnard 


1903.50 


277.1 


38.43 


'. . 12.5 


in 


Barnard 



In the inclosed diagram I have plotted the observations 
of the stars AB. The measures will be easily identified on 
the diagram, and to prevent confusion I have not inserted 
the dates. Professor Burnham's measures of 1901, 1902 
and 1903 were received after the diagram was made, and 
have not been inserted. They would not materially change 
the results. I have roughly drawn a curve through the 
measures to give some rough idea of what may be the form 
of the path of B, 

In inspecting this diagram, it might be said that if we 
allow a very large error in Burnham's distance of 1890 — 
which is improbable — that the observations made since 
1898 can be represented by a straight line. It will be 
seen, however, that the position angle is diminishing at a 
uniform rate, while the distance is essentially stationary. 
This could only approximately occur for a short time in 
rectilinear motion when the stars were at their nearest 
approach. Assuming this to be the case, then to reconcile 
my last observation with this idea, Burnham's distance of 



1890 would have to be increased as much as 3*^ or 4", 
which is asking too much. 




The mean angular motion previous to 1898 was about 5^ 
Since then it has been between 3"* and 4*^. The change of 
angle between 1902 and 1903 seems too large, but the 
measures appear to be good in both years, and they are 
verified by Burnham's measures. 

Prom the observations oi AC Mr. Doolittle determined 
the motion A to be 0".93 in the direction 247°,9. Using 
my measures of this year and Burnham's of 1890, I make 
the motion to be 0^951 in the direction of 246°.3. Re- 
duced to rectilinear coordinates this motion is 

In a -0.871 or -l!606 
In 8 -0.382 

From the foregoing observations and remarks it would 
appear that we have here a very rare case of a binary sys- 
tem, where the components are of the 9th and 11th magni- 
tudes, with an apparent distance of over three seconds of 
arc, which in all probability has a period well within one 
hundred years, and which has a large apparent proper 
motion through space. 

These considerations would lead one to think that this 
star may possibly be relatively near to our solar system. 
With this last idea in view, I have made observations of A 
with reference to some of the surrounding stars in the hope 
of getting some evidence of parallax. Some of these meas- 
ures are included in the present paper. The measures so 
far made, show that the parallax can not be large. 

On May 25, 1903, the position of A was measured with 
reference to the star Helsingfors-Gotha A.G.C. 13177. 
Ja = 0" 14M3 from 10 transits. 
M = 2' 41".26 from 2 measures. 
A was north preceding. 
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This gives for the position of A (corrected for motion), 

1903.0 a = 22^ 24" 32-.69 
1903.0 8 = -1-57° 12' 38".5 

In my paper on this object in A.J, 488, p. 64, the last 
distance for AB iq printed 2".23.. It should have been 
3*^.23. In this same paper I have erroneously called the 
system of A B, 131291, Professor Burnham has already 
assigned this number to another star. 

While observing these stars in 1901 I noticed a rather 
wide double, very much like AB, and whose position for 
1855.0 is 

a = 22»» 19" 42^.8 , 8 = -|-57° 6^3 
Yerkes Observatory, Williama Bay, Wis,, 1903 July 10. 



The following measures have been made of this object : 



1901.731 
.805 



Sept. 24 
Oct. 21 



247.04 

247.19 



2.99 
3.11 



9.5 
9.0 



12.0 
11.0 



1901.768 




247.11 


3.05 


9.2 


11.5 


1903.473 
.611 
.514 


June 22 
July 6 

7 


248.79 
247.62 
246.68 


3.09 
3.04 
3.25 







1903.499 247.70 3.13 

There seems to be no change in this star. 

There is also another small double in this region which 
I have 80 far only located as being 15' ± preceding 
Krueger 60. 

1902 Sept. 29 260?15 l'.37 lo" 11** 



1903 



June 15 



262.50 



1.41 



ON' THE RELATIVE VALUES OF THE MICROI^IETERS AND THEIR TEMPER- 
ATURE-COEFFICIENTS AT THE SIX INTERNATIONAL 

LATITUDE STATIONS, 

By H. KIMURA. 



The large mean deviation of the reduction to the group 
mean at Tschardjui, given on page 120 of ^^ Resultate des 
Internationalen Breitendienstes,^^ Bd. I, by Prof. Albrecht, 
arouses my doubt that it partly comes from the error of the 
adopted value of the micrometer. The existence of such 
errors for all the stations has been proved by the calculation 
of Mr. Nakano, who had earlier noticed the same matter. 
His results given below, as yl in Table I, are obtained by 
the following process : First, for each pair were formed 



the differences between the individual values of the re- 
duction to the group-mean and the mean of all, the data 
being taken from pp. 114-118 of the above-named report. 
From the differences thus formed for the six pairs in each 
group belonging to each station by the method of least- 
squares, the following values A were derived, the coeflScients 
of the unknown quantity A being (Jz^JzJ), where Jz is 
the semi-difference of the zenith-distances of two stars in 
each pair, and Jz^y the mean of all Jz in the group. 



Table I. 

(unit O'.OOOl). 



Group 


Mizusawa 


Tschardjui 


Carloforte 


Gaithersburg 


Cincinnati 


Ukiah 


A 


JA 


A 


JA 


A 


JA 


A 


JA 


A 


JA 


A 


JA 


I 


- 23 


- 7 


-186 


+ 44 


+ 170 


+ 15 


- 83 


- 40 


+ 28 


-48 


+ 80 


+ 9 


II 


- 95 


- 79 


- 50 


+ 180 


+ 64 


- 91 


- 86 


- 43 


+ 88 


+ 12 


+ 86 


+ 15 


III 


- 35 


- 19 


-146 


+ 84 


+ 130 


- 25 


-112 


- 69 


+ 66 


-10 


+ 137 


+ 66 


IV 


-155 


-139 


- 62 


+168 


+330 


+ 175 


-283 


-240 


+ 71 


- 6 


+ 90 


+ 19 


V 


- 37 


- 21 


- 8 


+ 222 


+ 102 


- 63 


-174 


-131 


+ 22 


-64 


+ 74 


+ 3 


VI 


+ 28 


+ 44 


-181 


+ 49 


+ 66 


- 89 


- 38 


+ 5 


+ 51 


-26 


+ 90 


+ 19 


VII 


+ 21 


+ 37 


-280 


- 60 


+ 231 


+ 76 


- 33 


+ 10 


+ 69 


-17 


+ 70 


- 1 


VIII 


+ 36 


+ 52 


-293 


- 63 


+ 51 


-104 


+ 53 


+ 96 


+ 111 


+ 36 


+ 48 


-23 


IX 


+ 18 


+ 34 


-319 


- 89 


+ 96 


- 69 


+ 48 


+ 91 


+ 66 


-10 


+ 90 


+ 19 


X 


+ 30 


+ 46 


-682 


-352 


+269 


+ 104 


+ 99 


+ 142 


+ 104 


+ 28 


+ 115 


+44 


XI 


+ 15 


+ 31 


-376 


-146 


+ 146 


- 9 


+ 109 


+ 152 


+ 162 


+86 


- 16 


-87 


XII 


+ 11 


+ 27 


-282 


- 52 


+ 222 


+ 67 


- 16 


+ 27 


+ 83 


+ 7 


- 16 


-87 


Mean 


-0". 


0016 


-0".0230 


+0". 


0155 


-0". 


0043 


+0". 


0076 


+0". 


0071 



The mean values in the last line are the relative constant errors of the micrometers. 



Now, from the above results, I have tried to find the 
temperature-coefficients of the micrometers for the six 
stations. It is, however, a quite difficult matter to de- 
termine their absolute values, because the general con- 



ditions of the temperature-variations at all the stations 
resemble each other, and hence their mutual dependencies 
cannot be wholly avoided. Thus I have aimed here to find 
the relative amounts of the coefficients which have been 
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matical form of A is JM 



The mathe- 
where JM 



brought as near to the absolute as possible. 

is the relative constant correction of the value of the 
micrometer ; J a, the correction of the temperature-coefficient ; 

t, the mean temperature for a group ; and ^ ^ ' , the mean 

D 

of Ja.t for all the stations in each group. J Ay the differ- 
ence from the mean given in Table I, is therefore in the 



expression of Ja,{t— tj) — 
mean of t for each station. 



where C is the 



assumed that, — in the three stations, Mizusawa, Gaithers- 
burg and Cincinnati, where the temperature-coefficients 
have already been applied, — the employed coefficients 
are correct, namely, Ja = zero. Then the mean of JA 
for these three stations will give nothing more than 

^ — . Apply this value of ^ to 

6 6 

all JA^s, and find J a for all the stations by the method of 



least-squares. Next form 



ZJa.(t^t^) 



with /la newly 
From the sums. 



For finding Ja from these differences, I have, first of all. 

Table II 



found, and add them to the original J A. 
by least-squares, the following values of the temperature- 
coefficients are obtained : 



Fori' 


Mizusawa 


Tschardjai 


Carloforte 


Gaithersburg 


Cincinnati 


Ulciah 


Ja 
Adopted a 


-o!oooo5 

-0.00206 


-0.00192 



-0.00066 



+ 0!00063 
-0.00142 


-0.00018 
-0.00141 


-oWts 




Corrected a 


-o!oo2io 


-o!o0192 


-o!o0066 


-0'00079 


-0'00159 


-0'00173 



For the comparison, I give here the calculated A with 
the above numbers. 

Table III. 
Calculated A (unit O'.OOOl). 



Group 


Mizus- 
awa 


Tscliard- 
jui 


Carlo- 
forte 


Gaithers- 
burg 


Cincin- 
nati 


Ulciah 


I 


-25 


-182 


+ 132 


- 60 


+ 66 


+ 76 


II 


-45 


-126 


+ 139 


-125 


+ 58 


+114 


III 


-69 


- 44 


+ 132 


-153 


+ 46 


+ 93 


IV 


-61 


+ 19 


+ 138 


-164 


+ 44 


+ 77 


V 


-46 


- 85 


+ 151 


-137 


+ 65 


+ 65 


VI 


-22 


-203 


+ 169 


-100 


+ 77 


+ 90 


VII 


-14 


-280 


+ 172 


- 49 


+ 74 


+ 111 


VIII 


+ 6 


-355 


+ 177 


+ 7 


+ 87 


+ 95 


IX 


+ 24 


-406 


+ 177 


+ 55 


+ 101 


+ 66 


X 


+34 


-416 


+ 172 


+ 91 


+ 110 


+ 24 


XI 


+ 31 


-386 


+ 162 


+ 88 


+ 107 


+ 13 


XII 


+ 3 


-285 


+ 143 


+ 32 


+ 84 


+ 38 



Now, after correcting the reductions to the group-mean 
by the calculated J, as the relative errors of the values of 
the micrometers, I have found the mean deviations for the 
six stations to be 



Mizusawa 

Tschardjui 

Carloforte 



±0.033 
±0.045 
±0.046 



Gaithersburg ±0.028 
Cincinnati ±0.034 
Ukiah ±0.026 



and those for the order of the differences of the zenith- 
distances to be 



0- 
±1.0- 

±2.0- 
±3.0- 
±4.0- 
±6.0- 
±7.0- 



±1.0 
±2.0 
±3.0 
±4.0 
±5.0 
±7.0 
±8.0 



±0.032 
±0.038 
±0.035 
±0.033 
±0.033 
±0.036 
±0.061 



These numbers show that the corrected individual value 
of the reduction to the group-mean has no considerable 
dependence either upon the stations or upon the differ- 
ences of the zenith-distances. 

It will however be noted that this discussion would fail 
if there is any abrupt displacement or readjustment of 
the focus. At my station, in the autumn of 1901, the read- 
justment of the focus was made, but fortunately the scale- 
reading on it remained sensibly unchanged. 

The corrections for the errors of the values of the 
micrometer upon the final mean values (from the six 
stations), of the reductions to the group-mean, of the 
group-differences, and of the corrections to the aberration- 
constant, are slight in the present case, rarely rising to 
±0".02. But at those stations in which the errors of the 
values of the micrometers are pretty large, the final lati- 
tudes may be thereby affected directly and considerably, 
because, although dzjs were chosen so as to be zero at a 
certain epoch, they will become pretty considerable, as 
time elapses, on account of the precession. Thus I dare to 
say that, for the latitude-work of the high precision at the 
present time, such systematic errors of the values of the 
micrometers ought not to be wholly neglected. 

There exists still another kind of corrections for the 
calculation of the latitude- variation. They come from 
some terms of the nutation of short period which are neg- 
lected in the Jakrbuch, the maximum double amplitude 
being 0^06. These might of course have a slight effect 
upon the mean latitude of a group, especially in cases when 
the group was observed on the days for which the cor- 
rections of this kind have mostly the same sign. 

Mizusawa InUmational Latitude Station, 1903 June. 
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OBSERVATIONS OF COMET c 1903 (bobbellt), 

HADE "WITH THE 12-INCH EQUATORIAL AT THE U. 8. NAVAL OB8ERVATOBT, 

By THEO I. KING. 
[Communicated by Rear Admiral C. M. Chester, U.S.N., Superintendent.] 



Washington M.T. 


* 


Comp. 


Ja 


Jh 


App. a 


App. 8 


lOgpA 


Red. to App. PL 


1M> h m • 

June 29 15 2 62.3 


1 


29,6 


+r40.b9 


+ 6 33'.4 


21" 42'"62!63 


+ 0°55' 6!6 


W8.3468 


0.7315 


+ 2^66 


+16.7 


30 14 53 16.7 


2 


30,6 


+0 56.88 


+ 54.8 


21 40 63.07 


+ 2 33 68.7 


n8.4703 


0.7148 


+2.69 


+16.4 


July 116 6 8.1 


3 


30,6 


+ 1 16.18 


- 4 27.6 


21 38 36.79 


+ 4 19 22.1 


7.8216 


0.6960 


+2.73 


+ 16.1 


2 14 59 28.5 


4 


30,6 


+ 3 4.92 


+ 2 46.7 


21 36 1.36 


+ 6 13 68.6 


7.9222 


0.6741 


+ 2.77 


+ 14.9 


6 16 32 42.0 


5 


30,6 


+2 42.68 


+ 7 9.6 


21 21 19.32 


+ 16 12 16.5 


9.1429 


0.6379 


+2.94 


+ 13.8 


714 40 7.9 


6 


30,6 


+0 40.32 


- 1 6.2 


21 16 21.76 


+ 19 16 39.7 


8.7066 


0.4686 


+2.99 


+13.6 


7 15 2 26.3 


7 


30,6 


-1 22.40 


- 4 49.1 


21 16 16.62 


+ 19 18 46.8 


8.9901 


0.4724 


+2.99 


+ 13.4 


8 14 57 60.9 


8 


30,0 


+2 89.44 


+ 6 62.8 


21 10 16.43 


+ 22 48 8.3 


9.0468 


0.3943 


+3.05 


+ 13.2 


9 14 28 36.4 


9 


30,6 


+1 6.94 


+ 1 42.3 


21 3 20.32 


+26 34 4.3 


8.8714 


0.2751 


+3.10 


+ 12.9 


1313 132.1 


10 


14,3 


-0 23.00 


+ 6 34.6 


20 18 23.04 


+44 46 26.7 


8.2874 


«9.9639 


+3.40 


+ 13.0 


151160 1.6 


11 


30,6 


+ 1 38.90 


+ 2 40.8 


19 37 31.33 


+54 27 10.6 


n8.7406 


«0.3742 


+3.52 


•+•14.6 


17 9 49 8.6 


12 


20,4 


-2 15.62 


+13 16.9 


18 34 28.85 


+62 39 50.0 


»9.4535jn0.6199 


+3.38 


+ 17.0 


21 9 32 35.6 


13 


24,5 


-4 48.89 


+ 6 20.9 


15 14 4.61 


+68 30 34.0 


9.8358 n0.6207 


+0.74 


+ 17.6 


23 9 59 29.1 


14 


29,6 


-0 41.19 


+ 9 28.2 


13 53 3.68 


+66 69 44.4 


9.9976ln9.8306 


-0.16 


+ 13.1 


28 8 44 49.2 


16 


80,6 


-3 36.45 


-11 17.1 


12 16 49.37 


+57 7 44.1 


9.9049 


0.0996 


-0.20 


+ 6.1 


Aug. 5 9 24.1 


16 


30,6 


-1 26.91 


+ 65.0 


11 22 36.37 


+46 86 49.7 


9.8189 


0.6496 


+0.14 


- 1.7 


11 8 43 0.6 


17 


20,4 


+ 2 68.13 


+ 1 51.8 


11 37.11 


+41 3 22.0 


9.7677 


0.7247 


+0.31 


- 6.0 





Mean Places 


of Comparison- Stars for the begin 


ning of the 


year. 


* 

1 


a 


8 


Authority 


* 


a 


8 


Authority 


21 41 9.89 


+ 0° 48 17*4 


Nicolajew, A.G. 6509 


10 


20''l8'°42!64 


+44°38'39'l 


Bonn, AG. 14116 


2 


21 39 53.50 


+ 2 32 48.5 


Albany, A.G. 7593 


11 


19 35 48.91 


+ 64 24 16.2 


Camb.(U.S.),A.G.6117 


3 


21 37 16.88 


+ 4 23 34.6 


Albany, A.G. 7580 


12 


18 36 41.09 


+62 26 16.1 


Hels.-Gotha, A.G. 9906 


4 


21 32 63.66 


+ 6 10 57.0 


Leipzig II, A.G. 10846 


13 


16 18 52.66 


+ 68 24 66.5 


Christiania, A.G. 2298 


6 


21 18 33.80 


+16 4 53.1 


Berlin A, A.G. 8723 


14 


13 63 45.02 


+ 66 60 3.1 


Christiania, A.G. 2079 


6 


21 15 38.45 


+ 19 16 32.4 


Berlin A, A.G. 8696 


15 


12 20 25.02 


+ 57 18 56.1 


Hels.-Gotha, A.G. 7156 


7 


21 17 36.03 


+ 19 23 21.6 


1 Peg., NewcFund.Cat. 


16 


11 24 2.14 


+46 34 66.4 


Bonn, A.G. 8060 


8 


21 7 33.94 


+22 41 2.3 


Berlin B, A.G. 8126 


17 


10 67 38.67 


+ 41 135.2 


Bonn, A.G. 7881 


9 


21 2 10.28 


+ 26 32 9.1 


Camb.(Eng.)A.G.12121 











BROOKS'S PERIODICAL COMET, NOVA OEMINORUM. 

A dispatch from Prof. Campbell, received Aug. 19, at Harvard College Observatory, states that Brooks's 
periodical comet was found by Aitken at the Lick Observatory, on Aug. 18, in the following position : 

1903 Aug. 18.8500 Gr. M.T., a = 21»» 10" 11-.3 , 8 = -27° 4' 19" 

Also, that the spectrum of Nova Geminorum was observed on Aug. 17, by Curtis, to be of the nebular type. 



CORRIGENDUM. 
No. 544, p. 154, col. 1, line 19 from top ; for -|-82®.0 put +882®.0. 
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MEAN RESULTS OF THE MEASURES OF 227 DOUBLE STARS, 

By EKIC DOOLITTLE. 



The double star work at the Flower Observatory during 
the past three years has consisted of the measurement of 
somewhat more than 1000 pairs. These pairs were selected 
as follows; (1), about 550 Burnham stars, including 
those which are in rapid motion, or on which there are no 
recent measures ; (2), about 300 Hough stars, the intention 
being to rermeasure during the next few years all of the 
stars discovered by Dr. Hough ; and (3), about 150 miscel- 
laneous pairs, including the binaries of which Dr. See has 
computed the orbits, and several neglected stars of Stone, 
the Washburn Observatory, Berlin, etc. Each star was 
measured on an average of from three to four nights, each 
night's observation consisting of at least four measures of 
double distance, and four of position angle. 



These measures will in time be published as Vol. II, 
Part II, of the Publications of the Flower Observatory ; 
as this volume will probably not appear for some time, it 
is thought best to publish now a few of the results. 

In the following table, the stars are arranged in the 
order of their right-ascensions, and to save space the right- 
ascensions and declinations are not written. The fifth 
column refers to the notes at the foot of the table, and the 
sixth shows the number of nights of observation on each 
star. Stars for which orbits have been computed are 
marked with an asterisk. 



Stor 


Date 


9 


P 


Notes 


n 


Star 


Date 


e 


P 


Notes 


n 


Sur 


Date 


6 


P 


Notes 


n 


^484 


1902.11 


156.4 


1.80 


a,o 


3 


)8396 


1902.71 


■&Q.9 


1 
1.27 


a, 


3 


02-62 


1901.01 


m.i 


o'.iz 


V 


3 


)8253 


1901.76 


46.5 


0.60 


a,o 


6 


Ho. 213 


1901.86 


203.0 


0.34 


t,y 


2 


j8 84 


1901.90 


23.1 


0.69 


t 


3 


)8485 


1901.81 


300.3 


0.41 


e 


6 


^1228 


1900.83 


278.1 


0.80 


f>V 


2 


)8878 


1901.99 


69.4 


1.61 


g 


1 


^1026 


1900.80 


336.6 


0.42 


a,k 2 


p 235 Ao 


1900.84 


95.9 


0.80 


h 


2 


/3633 


1901.88 


47.5 


0.61 


c 


3 


j3998 


1900.78 


115.2 


1.18 


k 


3 


)31162 


1900.90 


148.8 


0.40 


a,b 


2 


^81181 


1901.09 


86.7 


0.45 





3 


)81016 


1900.82 


119.4 


0.58 


f 


3 


/31100 


1900.86 


41.2 


0.49 


t 


2 


/3 638 


1900.84 


132.0 


1.79 


g 


3 


)8779 


1901.07 


254.1 


1.05 


c 


4 


)8503 


1900.78 


132.2 


5.81 


g 


3 


/31184 


1900.96 


269.4 


0.53 


z 


3 


j81157 


1902.71 


86.9 


1.73 





3 


^81229 


1900.81 


291.7 


1.20 




2 


j8743 


1901.07 


249.6 


0.71 





3 


/3394 


1901.29 


278.9 


1.12 


a, 


4 


^81163 


1901.85 


215.1 


0.34 


v,v 


2 


^3542 


1900.82 


188.8 


1.42 


gtV 


3 


)8107 


1900.78 


355.8 


5.96 


9,^ 


3 


/3783 


1902.73 


318.1 


0.86 


a,o 


3 


)81004 


1900.80 


138.2 


1.76 


c 


3 


)81158 


1902.81 


160.1 


0.41 


b,d 


3 


/3870 


1901.86 


53.6 


1.14 


c 


2 


0280 


1901.63 


178.0 


0.71 


c 


3 


^780 


1902.71 


141.3 


2.70 


a, 


2 


)8 609 


1900.90 


254.7 


0.68 


k 


3 


•0282 


1901.57 


117.7 


0.66 




3 


/3396 


1902.80 


113.6 


0.57 


t 


1 


)81016 


1900.90 


207.8 


0.58 


z 


3 


/3 789 


1901.79 


320.9 


1.24 


a,o 


2 


)8257 


1900.80 


235.0 


0.62 


k 


2 


/31001 


1900.80 


4.3 


1.16 


z 


1 


^8882 


1900.85 


225.8 


2.36 


g 


4 


/3866 


1900.80 


70.8 


1.55 


a, 


2 


/3 260 


1902.78 


237.9 


0.77 


b,d 


3 


j81044 


1900.92 


227.8 


0.83 


t,y 


4 


|81160 


1901.86 


117.1 


1.28 


a, 


2 


^8515 


1902.71 


241.0 


1.50 


a, 


2 


•/3883 


1901.98 


70.3 


0.22 




2 


/9232AB 


1900.87 


336.2 


0.30 


V 


1 


^3873 


1902.77 


24.3 


2.13 


a,o 


3 


/3552 


1901.98 


203.3 


0.66 


V 


2 


AC 


1900.84 


294.2 


28.37 


b 


4 


/31172 


1900.82 


241.0 


1.71 


*>V 


2 


)8313 


(No trace of 








4 


j8781 


1902.86 


28.8 


1.10 


UyO 


4 


i35]8 


1902.78 


142.0 


1.55 


a,o 


4 


0292 


1901.00 


256.7 


2.97 


b 


3 


/8496 


1901.82 


2.7 


5.44 


a, 


2 


j8 519 


1900.95 


47.4 


0.80 


t 


2 


y31238 


1900.91 


6.5 


1.30 


z 


2 


/3498 


1902.76 


154.3 


2.82 


a,o 


5 


j8 306 


1901.76 


20.1 


3.17 


a, 


4 


)81047 


1900.87 


46.3 


0.30 


V 


1 


/31028 


1900.80 


260.5 


2.27 


t 


2 


/383 


1901.98 


101.7 


1.03 


c,e 


3 


/3886 


1900.97 


255.6 


0.99 


b 


2 


/3499 


1900.80 


347.3 


52.77 


t 


3 


^3307 


(Jfotnweof 
dupUcltT.) 










/3191 


1901.07 


24.3 


3.55 


a, 


4 


j8302 


1900.82 


105.5 


0.61 


b i3 


)3 525 


1902.38 


143.3 


0.32 


V 


5 


/31048 


1901.05 


352.8 


2.33 


z 


3 


Ho. 493' 1902.34 1 20.2 


35.14 


A,yi3 


/3 400 11899.76 


52.8 


23.00 


h,y 


8 


/31049 


1900.89 ; 297.6 


0.68 


z 


2 



(175) 



Digitized by 



Google 



176 



THE ASTKONOMICAL JOURNAL. 



N»- 647 



Stor 


Date 


6 


P 


\ote8 


n 


Star 


Date 





P 


Kote« n 


Star 


Date 


$ 


P 


Notes 


n 


)3892 


1901.61 


273!3 


1^25 


a, 


4 


♦21728 


1903.31 


19o!o 


0^68 


8| 


(81129 


1900.66 


337!5 


OAO 


z 1 


2 


)31056 


1903.13 


336.2 


1.52 


z 


4 


(8609 


1901.83 


359.1 


0.81 


a,z 


3 


i8142 


1900.56 


336.5 


1.61 


b,d 


3 


/31068 


1901.97 


260.2 


0.34 


a,v,y 


1 


/3221 


1901.24 


48.9 


1.62 


k 


3 


/3827 


1900.56 


266.0 


0.89 


k 


2 


/31242 


1901.85 


120.1 


0.42 


a,z 


3 


(8800 


1901.34 


113.2 


2.76 


d 


3 


(3 658 


1901.60 


302.6 


0.51 


t 


2 


Ho. 613 


1901.41 


3.3 


1.51 


t 


3 


(8 610 


1902.07 


16.9 


4.04 


a,z 


8 


(3439 


1901.61 


240.1 


3.12 


c 


4 


/31021 


1900.92 


85.0 


0.63 


z 


3 


Ho. 260 


1902.34 


224.3 


0.70 


b 


4 


(8 986 


1901.61 


238.6 


4.53 


t 


4 


)3194 


1901.08 


275.6 


1.14 


a,o 


4 


piu 


1902.21 


144.4 


1.46 


a,b 


4 


(8 670 


1901.60 


44.2 


0.55 


c,e 


3 


0^149 


19O2J01 


271.4 


0.91 


V 


3 


♦21768 


1903.49 


133.2 


1.28 




8 


♦/3151 


1900.82 


13.5 


0.63 


21 


02'154 


1900.96 


123.0 


26.45 




4 


/3 612 


1901.35 


237.0 


0.36 


V 


2 




1901.80 


14.7 


0.63 


'3 


*Sirius 


1903.12 


127.8 


6.31 




1 


(8115 


1901.34 


229.2 


1.70 


a,t 


3 




1902.76 


16.0 


0.51 


16 


02-157 


1902.05 


336.4 


0.71 


c 


2 


Ho. 542 


1902.34 


263.6 


0.50 


«>y 


3 


/31209 


1901.67 


292.9 


0.47 


z 


2 


/8899 


1900.93 


270.1 


0.76 


f 


2 


/3 807 


1903.05 


240.1 


1.14 


a, z 


4 


(8152 


1901.56 


97.5 


0.58 


c 


3 


/3900 


1900.95 


276.2 


1.60 


a,z 


2 


)3346 


1902.61 


260.1 


1.40 


*.y 


6 


(8 367 


1901.79 


140.3 


0.52 


V 


3 


)31279 


1901.10 


13.4 


1.08 


a,z 


3 


♦2-1888 


1903.44 


186.3 


2.49 




14 


i3 68 


1901.67 


162.4 


1.91 





3 


OJ'170 


1901.77 


108.7 


1.51 




3 


)3 350 


1901.51 


158.8 


1.19 


k 


3 


/3368 


1901.59 


87.1 


0.70 


c, h 


3 


/3330 


1901.10 


216.0 


1.29 


a, 


4 


Ho. 60 


1902.35 


35.7 


0.37 


m 


4 


(8 251 


1901.61 


232.4 


3.05 


z 


3 


/81024 


1901.08 


96.9 


1.34 


t,9 


3 


(3 227 


1903.25 


174.8 


2.25 


c, h 


3 


/3271 


1901.76 


238.8 


3.12 


b,d 


3 


^8578 


1902.10 


45.5 


2.28 


c,e 


7 


/3 228 


1903.26 


221.8 


1.05 


e 


3 


/3164 


1901.67 


244.1 


0.72 


m 


3 


/3332 


1901.64 


171.4 


0.90 


f,h 


4 


•^1937 


1901.57 


7.0 


0.87 




4 


/3684 


1901.66 


123.6 


1.05 


c 


3 


•(8101 


1901.13 


301.7 


0.61 




4 




1903.34 


15.2 


0.99 




7 


(81212 


1901.79 


273.6 


0.60 


f,h 


3 


)3902 


1901.10 


243.1 


1.25 


a,g 


4 


♦2-1938 


1903.40 


67.4 


1.01 




7 


Ho. 608 


1902.16 


119.2 


0.62 


z 


5 


)358lAB 


1900.91 


289.7 


0.44 


b,v 


3 


♦02298 


1903.40 


186.0 


1.27 




10 


(81213 


1901.44 


310.7 


0.85 


t 


3 


AC 


1900.96 


195.5 


4.72 


h,v 


4 


♦21967 


1903.45 


116.1 


0.74 




10 


Ho. 610 


1902.15 


239.9 


0.67 


z 


5 


*21196 


1901.05 


361.9 


1.17 




7 


/8620 


1901.15 


163.0 


0.67 


a, k 


3 


y3 842 


1902.74 


119.7 


1.29 


e,z 


3 




1903.18 


354.0 


1.21 




4 


(8 946 


1902.40 


147.9 


1.64 


a,g 


5 


)3375 


1902.71 


308.5 


0.81 


a,z 


3 


y3 206 


1903.04 


230.5 


0.70 


V 


6 


i8 621 


1901.36 


66.8 


0.64 


V 


3 


(81215 


1902.76 


271.9 


1.68 


a,z 


3 


/3 587 


1903.21 


141.1 


0.83 


c 


3 


♦22032 


1903.39 


214.4 


4.51 




8 


Ho. 179 


1902.74 


258.0 


0.61 


n 


6 


/3589 


1901.48 


216.3 


3.22 


h 


4 


/3 813 


1901.44 


168.2 


1.04 


a,z 


3 


(8376 


1902.40 


150.7 


3.67 


a,z 


3 


•^356 


1901.09 


113.1 


0.79 




6 


(8 815 


1901.34 


339.3 


9.16 


b,d 


3 


Ho. 180 


1902.73 


227.6 


0.68 


t 


4 




1903.24 


116.9 


0.80 




3 


)3 817 


1901.62 


328.8 


1.16 


a^z 


4 


/31216 


1901.79 


319.2 


0.57 


m 


3 


)S909 


1901.25 


89.6 


6.28 


h 


3 


♦2-2084 


1903.42 


206.6 


1.23 




7 


)3 379 


1902.22 


333.7 


1.27 


a,z 


4 


0^216 


1902.53 


210.2 


0.88 


c 


4 


/3 821 


1901.44 


313.2 


1.28 


a,z 


4 


(8172 


1902.30 


7.4 


0.73 


c 


6 


(81281 


1901.19 


67.9 


0.96 


t 


3 


/3823 


1903.46 


11.8 


1.03 


b,e 


3 


(8 291 


1901.81 


176.9 


0.44 


b 


2 


)81073 


1902.36 


41.9 


3.31 


h 


3 


(81118 


1901.43 


247.2 


0.52 


V 


2 


(8 844 


1902.31 


317.2 


3.14 


a,z 


3 


)81074 


1901.27 


203.9 


2.62 


t 


3 


/8 628 


1903.30 


352.7 


0.49 


e 


4 


/3175 


1902.37 


318.6 


1.39 


a,z 


3 


/3915 


1901.30 


230.2 


1.47 


h 


4 


(8128 


1902.25 


324.3 


4.05 


m 


4 


Ho.296 


1902.74 


327.7 


0.32 


t 


2 


)8597 


1901.64 


40.6 


0.76 


9 


4 


(81260 


1901.47 


68.3 


2.02 


b 


4 


Ho. 296 


1902.74 


73.9 


0.25 ± 


t 


2 


*2'1523 


1901.21 


148.7 


2.37 




6 


/31089 


1901.38 


346.9 


0.79 


c 


2 


y3 710 


1901.80 


241.0 


0.42 


P 


3 




1903.31 


142.2 


2.42 




6 


♦22173 


1903.41 


326.8 


1.19 




8 


/8711 


1902.27 


44.0 


0.95 


V 


6 


OJ'237 


1901.15 


263.3 


1.28 


e,d 


3 


(8 961 


1901.68 


139.8 


8.15 


a,z 


4 


^8861 


1902.24 


161.1 


2.32 


a,h 


2 


/8602 


1901.37 


81.7 


0.55 


t 


1 


/31261 


1901.48 


65.1 


1.30 


e 


4 


02489 


1901.99 


49.6 


1.04 


V 


3 


/8 603 


1901.27 


313.2 


0.80 


c 


3 


Ho. 560 


1902.34 


89.7 


0.47 


t 


3 


Ho. 197 


1902.70 


103.2 


0.43 


t 


3 


)3794 


1902.79 


184.1 


0.43 


V 


4 


Ho. 70 


1902.41 


106.5 


0.43 


t 


3 


/3716 


1901.77 


205.3 


1.72 


z 


3 


/3 919 


1901.36 


12.9 


4.46 


t 


3 


♦A.C. 7 


1901.49 


59.8 


1.77 




6 


/379 


1901.65 


85.1 


0.93 


e,e 


3 


)328 


1901.86 


7.6 


2.14 


b 


4 




1902.46 


63.0 


1.86 




3 


)880 


1901.84 


12.1 


0.34 


V 


3 


Ho. 637 


1902.34 


174.3 


1.21 


t,y 


4 




1903.35 


65.4 


1.78 




5 


Ho. 301 


1901.75 


361.2 


1.49 


e 


4 


)8607 


1901.68 


315.7 


1.02 


z 


4 


(3 358 


1902.91 


204.1 


4.49 


a,z 


4 


(81221 


1902.77 


145.8 


1.93 


z 


6 


•^1670 


1901.19 


328.8 


5.99 




6 


♦2-2262 


1903.45 


267.3 


2.13 




6 


(31149 


1901.79 


305.2 


0.60 


z 


2 




1903.29 


328.0 


6.05 




4 


Ho. 565 


1902.42 


66.4 


0.37 


a,z 


4 


y3 720 


1901.84 1 170.3 


0.43 


V 


3 


02-256 


1901.87 


81.1 


0.68 


b 


3 


♦A.C.15 


1903.37 


332.2 


1.54 




7 


02-500 


1902.09 


333.0 


0.69 


b 


3 


(81082 


1902.79 


93.7 


1.41 


b 


4 


(8 1091 


1900.52 


29.4 


0.36 


i 


3 


/8723 


1902.79 


168.1 


3.64 


z 


5 


y3 929 


1901.31 


223.8 


0.61 


m 


3 


y3641 


1900.66 


344.1 


1.08 


e 


3 


/3 868 


1901.80 


262.1 


0.66 


e,d 


2 


/3 930 


1901.40 


119.5 


2.90 


t 


3 


(8648 


1901.67 


221.7 


1.23 


V 


6 


)31223 


1902.81 


298.0 


1.28 


z 


6 


(8 799 


1901.37 


248.1 


0.76 


b,d 


3 


(81204 


1901.69 


13.8 


0.42 


t 


2 


(81162 


1901.83 


100.3 


0.74 


z 


3 










1 














)3 861 


1902.74 i 177.2 


1.39 


a,z 


6 



NOTES. 



(a) No recent measures ; (&) The angle has certainly increased ; 
(c) The angle has certainly decreased ; (d) The distance has in- 
creased ; (e) The distance has decreased ; (f) The angle has prob- 
ably increased ; (g) The angle has probably decreased ; (h) Probable 
increase of distance ; (i) Probable decrease of distance ; {k) The 

The Flower Observatory, 1903 Aug, 20. 



suspected change is not confirmed by these measures, (m) Obserra- 
tions very discordant ; probably fixed, (n) Obseryations very dis- 
cordant ; motion is probable, (o) Fixed ; (t) The character of the 
motion is uncertain ; (v) Rapid motion ; (y) Further measures are 
much needed ; (z) The pair is probably fixed. 
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MEASUEES OF 8IRIU8, i B00TI8 AND F. 70 OPHIUGHI, 



By eric DOOLITTLE. 



The following measures were made with the 18-inch 
refractor of the Flower Observatory ; the fourth column 
states whether, while making the measures, the line join- 
ing the eyes was Parallel to (P), or at Bight-angles to (-B), 
the line joining the stars, and the fifth column gives the 
number of measures of position angle and double distance 
on each night. 

Sirius, 
On only one night during the past year was the com- 
panion seen with perfect distinctness. The diffraction 
rings were then clear and steady, and such satisfactory 
measures could be secured that I do not think it probable 
that the resulting angle can be in error by more than five 
degrees. 



1903.123 


121.8 


6.51 


P (a) 




127.2 


6.56 


P {a) 




127.9 


6.30 


P(a) 




129.3 


6.16 


P (a) 




130.9 


6.14 


B (b) 




129.2 


6.27 


R (b) 




127.9 


6.30 


B (b) 




128.6 


6.22 


B (b) 


1903.123 


127.85 


6.31 


In 



(a). Lamp to the right, (b), Lamp to the left. Seeing 
not quite so good as at first. 

The position for this date computed from Dr. Sbe's ele- 
ments* is 

127^76 6M6 

The agreement is thus very exact. 

i Boot is. 



1903.269 


187.14 


2.53 


B 4 


1903.291 


187.05 


2.35 


B 4 


1903.334 


184.75 


2.39 


B 6 


1903.414 


187.22 


2.47 


P 4 


1903.416 


184.83 


2.65 


B 4 


1903.433 


186.14 


2.48 


B 4 


1903.463 


185.65 


2.45 


B 4 


1903.485 


186.63 


2.51 


B 4 


1903.490 


186.30 


2.57 


B 6 


1903.496 


187.35 


2.33 


B 4 


1903.499 


185.95 


2.39 


B 4 


1903.504 


187.24 


2.47 


P 4 


1903.534 


186.35 


2.65 


B 4 


1903.542 


186.01 


2.56 


B 4 


1903.441 


186.33 


2.49 


14n 



* There is a misprint in Dr. See's article on this star published in 
A.J. 418. The value of a should be 8".0316, instead of 8'.0136. 
This error does not occur in the ** Evolution of the Stellar Systetns.'' 

The Flower Observatory, 1908 Sept. 6. 



The residuals, (0— C), from Dr. Seb's ephemeris are 
1903.44 -f-30^5 +r.22 

It is thus evident that the companion is departing from 
the orbit in a remarkable manner. A trial orbit indicates 
that the angles obtained by Hebschel in 1780 and 1792 
are considerably too large, and that the period will largely 
exceed the value of 128.0 years assigned by Dr. See. 
According to Dr. See^s elements, the companion should 
pass the periastron this year, but the above measures indi- 
cate that the periastron passage will not occur before 
1905.7. It should be noticed that measures during the 
next four years will be of the utmost value in fixing the 
values of the elements. 





F.70 Ophiuehi. 






1903.414 


203.92 


1.81 


B 


4 


1903.416 


202.86 


1.84 


B 


8 


1903.433 


202.24 


1.87 


B 


8 


1903.463 


201.73 


1.83 


B 


4 


1903.485 


199.67 


2.00 


P 


4 


1903.490 


197.36 


1.82 


B 


4 


1903.534 


196.73 


2.06 


P 


6 


1903.551 


198.48 


1.86 


B 


4 


1903.638 


200.33 


1.79 


B 


4 


1903.668 


196.64 


1.89 


B 


4 


1903.671 


199.36 


1.91 


P 


4 


1903.675 


198.06 


1.93 


B 


4 


1903.537 


199.70 


1.88 




12n 



The residuals, (0— C), from the orbits of Dr. See and 
Dr. ScHUR, and from my own orbit, (^.J. 400), together 
with the residuals from my measures of 1897-1900 are as 
follows : 



See Schub 

1897.54 -8^44 -lo!56 -3!l3 

1899.45 -5.21 -11.59 +2.79 

1900:57 -6.81 -15.95 +1.12 

1903.56 -2.62 -17.21 -0.27 



See Schur n 

+ 0'03 -0^28 +0.'ll 13 

+0.08 -0.30 +0.02 3 

+0.21 +0.06 +0.14 6 

+0.25 +0.24 +0.03 12 



The steady departure from Schur's orbit still continues ; 
it is remarkable that the residuals from this orbit are still 
increasing, though it is now seven years since the com- 
panion passed periastron. While the measures now agree 
reasonably well with the positions predicted by Dr. See 
and myself, neither of these ephemerides satisfy the prior 
observations with the exactness which might reasonably be 
expected in a star of this character. 

It may be added that during the past three years I have 
examined the pair on every night when the definition was 
unusually good. Even when stars of 0".2 were separable, 
the components of F. 70 Ophiuehi appeared round with 
all powers. 
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OBSERVATIONS OF MINOR PLANETS, 

MADE WITH THE 12-INCH EQUATOBIAL AT THE U.S. NAVAL OBSERVATORY, 

By J. C. HAMMOND. 
[Communicated by Rear-Admiral C. M. Chester, U.S.N., Superintendent.] 



1003 Washington M.T. 



Comp. 



Ja 



Jh 



App.a 



App. 8 



logpA 



Red. to App. PL 



May 17 10 29 30 
17 10 52 31 
19 9 59 41 
21 10 11 39 
21 10 18 11 



May 9 10 51 7 
13 10 21 49 
21 11 15 38 
28 10 28 68 

June 1 9 49 15 



June 



June 



June 



May 21 12 13 10 
28 12 57 52 
28 12 68 10 

June 2 11 19 12 
3 11 20 8 



June 18 10 41 5 
21 9 23 22 



26 
26 



June 18 11 32 39 l 27 
21 10 9 49 28 



June 21 12 2 14 
30 11 31 43 
30 11 39 1 

July 1 10 8 24 



30,6 
30,6 
17,4 
30,6 
30,6 



29,6 
30,6 
30,6 
30,6 
30,6 



30,6 
20.8 



27,6 
24,8 



m 

+ 
-2 
+ 1 
+0 
+ 



8.11 
20.96 
56.66 
10.82 
22.04 



2 10 29 7 


10 


30,6 


3 10 8 2 


10 


29,6 


14 10 11 29 


11 


30,6 


16 10 37 57 


11 


27,6 



+0 
+0 

-1 
+1 

+0 



7.64 
22.17 
36.61 
22.04 
46.39 



+0 10.62 
-0 31.77 
+0 47.88 
+0 14.13 



2 9 39 40 


12 


30,6 


3 9 24 5 


12 


30,6 


8 9 39 42 


13 


30,6 


8 10 1 44 


12 


25,5 


14 11 34 26 


14 


30,6 



3 10 48 69 


16 


30,6 


8 10 56 14 


16 


30,6 


14 12 20 22 


17 


30,6 


14 12 37 30 


18 


30,6 


15 11 10 49 


19 


30,6 



20 


30,6 


21 


30,6 


22 


30,6 


23 


30,6 


24 


30,6 



+1 

+0 
-0 
-3 
+0 



-0 
+0 
-0 

-1 

+0 



-1 

+0 
-0 
-2 
+2 



6.62 
20.66 
17.06 
22.83 
48.96 



46.82 
48.30 
43.74 
40.36 
61.69 



2.68 
12.03 

3.76 
24.39 
21.72 



29 


30,6 


30 


40,8 


31 


29,6 


32 


25,6 



-2 15.62 
+ 0.30 



-1 52.50 
+ 38.51 



+3 55.37 
+ 11.12 
-0 34.61 
-3 30.72 



(20) Massalia. 

/ ' h m 8 

+9 47.7 14 49 17.73 

+5 14.3 14 49 16.76 

-3 22.1 14 47 30.08 

H-4 59.6 14 45 44.36 

+ 2 19.4 14 45 44.15 



(68) Leto. 



H-0 7.4 

-0 39.9 

+0 15.3 

-f-0 55.6 

-4 33.2 



15 32 44.76 
15 28 56.83 
15 21 7.90 
15 14 33.20 
15 11 1.68 



(69) Hesperia. 



-5 17.0 

-2 45.8 

-9 28.2 

-8 9.2 



15 40 45.98 
15 40 3.59 
15 32 59.84 
15 32 26.09 



(39) Laetitia. 



-4 57.0 
-3 31.3 
-6 24.3 
+ 1 13.5 
-f-l 0.1 

(129) 
+2 2.2 
+0 38.2 
-f-0 27.7 
-2 10.4 
-3 42.3 

(17) 
-0 40.6 
-f-2 37.0 
+ 1 13.4 
-3 15.4 
+0 57.3 



15 42 34.73 

15 41 48.77 

15 38 6.04 

15 38 5.30 

15 34 3.89 

Antigone. 

16 33 29.84 
16 29 33.34 
16 25 5.31 
16 25 4.89 

16 24 26.17 

Thetis. 

17 6 26.55 
17 32.09 
17 32.03 
16 56 0.78 
16 55 4.46 



(43) Ariadne. 
+ 1 24.9 I 16 48 44.75 
+0 40.7 16 46 15.71 



+4 
-1 



(432) Pythia. 

25.8 

38.3 



(405) 
22.3 
+ 2 13.8 



+3 



+ 1 
-3 



29.6 
55.1 



16 55 48.22 

16 52 52.88 

Thia. 

17 23 44.24 



17 16 
17 16 



10.20 
9.94 



-15 50 8.3 
-15 50 4.4 
-15 41 48.5 
-15 33 26.7 
-15 33 25.7 



-21 2 30.5 
-20 59 48.0 
-20 52 5.6 
-20 44 5.8 
-20 39 26.0 



n8.929 
?i8.578 
n9.099 
n8.913 
n8.836 



n9.293 
n9.333 
718.371 
n8.701 
n8.971 



0.853 
0.854 
0.850 
0.852 
0.852 



0.868 
0.866 
0.879 
0.878 
0.876 



9 29 23.4 ]n8.781 


0.816 


9 26 52.2 n8.970 


0.815 


9 5 23.6 


8.176 


0.814 


9 4 4.5 


8.888 


0.812 



3 50 24.5 


«9.202 


0.772 


3 48 68.8 


n9.264 


0.771 


3 44 13.3 


n9.022 


0.772 


3 44 13.3 


n8.792 


0.773 


3 43 45.6 


9.242 


0.771 



31 66.2 


n9.065 


0.764 


43 20.9 


»i8.745 


0.766 


5 9.1 


9.218 


0.768 


5 11.4 


9.293 


0.757 


9 20.3 


8.588 


0.760 



-14 13 49.6 
-14 11 12.3 
-14 11 11.6 
-14 11 56.1 
-14 12 18.5 



■ 22 
-22 



68 
43 



18.8 |n8.694 
54.4 n9.262 



-19 16 40.1 
-19 39 56.8 



8.662 
n8.991 



17 15 28.76 



+ 2.92 
+ 2.92 
+2.91 
+ 2.92 
+ 2.92 



+3.00 
+3.04 
+ 3.11 
+3.13 
+3.13 



+ 2.94 
+2.94 
+2.94 
+ 2.94 



+ 2.84 
+2.84 
+2.85 
+2.86 
+2.84 



+ 2.87 
+2.90 
+ 2.94 
+2.94 
+2.94 



n9.077 


0.843 


8.608 


0.845 


8.614 


0.846 


n9.049 


0.843 


n9.002 


0.844 



0.888 
0.877 



0.872 
0.871 



62 
6.0 
6.6 
6.4 
6.6 



2.5 
3.0 
3.8 
4.7 
6.1 



1.4 
1.4 
1.2 
1.1 



0.8 
0.8 
0.3 
0.1 
0.2 



+ 
+ 
+ 
+ 
+ 



+2.90 + 
+3.02 + 
+3.02 + 
+3.08 + 
+3.10 + 



+3.44 + 
+3.46 + 



+3.36 + 
+3.37 + 



2.7 
3.0 
3.4 
3.4 
3.3 



4.2 
4.2 
4.2 
4.1 
3.8 



3.6 
3.2 



4.4 
4.0 



19 35 42.0 


8.872 


0.872 


18 31 19.9 


8.999 


0.866 


18 31 17.9 


9.060 


0.866 


18 25 9.7 


»8.814 


0.867 



+ 3.39 + 6.4 

+3.41 -h 6.2 

+3.42 + 6.3 

+3.42 + 6.5 
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1903 Washington M.T. 


* 


Comp. 


Ja 


Jl 


App.a 


App.8 


logpA 


Red. to App. PL 






(57) Mnemosyne. 




d h m 8 


m 8 


1 t 


h m « oil 


• > 


July 18 10 45 9 


33 


30,6 


-2 51.88 


-0 52.4 


19 61 38.13 


+ 1 6 8.2 


n9.211 


0.730 


+3.26 +17.7 


21 10 65 4 


34 


30,6 


+0 20.46 


+ 2 35.6 


19 49 23.66 


+ 69 24.3 


n9.069 


0.731 


+ 3.29 +18.1 


' 22 10 1 30 


34 


30,6 


-0 22.56 


+0 7.1 


19 48 40.65 


+ 66 66.0 


»9.319 


0.732 


+3.30 +18.2 


24 10 17 10 


35 


30,6 


-0 24.18 


+6 38.4 


19 47 11.05 


+ 51 20.1 


n9.211 


0.733 


+3.31 +18.6 


25 10 56 26 


36 


20,4 


+ 2 13.93 


+ 2 69.2 


19 46 25.28 


+ 48 13.6 


»8.892 


0.733 


+3.31 +18.5 






(270) 


Anahita. 




July 18 11 39 3 


37 29 , 6 1 


+ 2 42.50 


+ 7 60.3 


20 38 21.68 


-14 43 10.5 


n9.188 


0.843 


+3.34 +19.9 


21 11 33 14 


37 


29,6 


+0 1.98 


+3 49.7 


20 36 41.10 


-14 47 10.8 


»9.137 


0.844 


+3.38 +20.2 


22 10 41 13 


38 


30,6 


+1 24.22 


+4 40.8 


20 34 47.92 


-14 48 37.3 


»9.366 


0.836 


+3.39 +20.2 


23 10 54 40 


38 


24,8 


+0 27.43 


+3 2.4 


20 33 61.14 


-14 60 16.7 


n9.286 


0.840 


+3.40 +20.2 


24 11 14 50 


39 


25,5 


+3 29.35 


-5 60.6 


20 32 53.22 


-14 61 68.8 


»9.160 


0.844 


+3.43 +20.2 


Aug. 7 10 7 6 


40 


30,6 


-1 9.86 


-3 35.5 


20 19 31.36 


-15 21 1.6 


n9.168 


0.847 


+ 3.55 +20.3 


7 10 28 43 


41 


30,6 


+ 50.06 


-3 33.8 


20 19 30.58 


-15 21 3.0 


n9.002 


0.850 


+ 3.55 +20.2 


9 10 15 26 


42 


30,6 


+ 1 42.94 


-7 1.2 


20 17 44.34 


-15 26 35.3 


n9.032 


0.850 


+3.56 +20.0 


9 10 33 23 


43 


30,6 


-0 1.70 


+ 7 39.8 


20 17 43.70 


-16 25 36.7 


»8.852 


0.851 


+3.66 +20.1 


11 10 59 44 


44 


30,6 


+ 1 17.72 


-7 2.1 


20 16 0.42 


-15 30 11.7 


7.483 


0.863 


+3.66 +19.9 



Mean Places of Comparison- Stars for the beginning of the year. 



* 


a 


8 


Authority 


* 


a 


8 


Authority 


1 


h m s 

14 49 6.70 


-15 69 49.8 


W., A.G.Z.52, 114, 209 


23 


16 58 22.09 


O 1 § 

-14 8 43.8 


Wash.A.G.Z.43,122 


2 


14 61 34.80 


-16 55 12.7 


« " 51, 114, 209 


24 


16 62 39.64 


-14 13 19.6 


Bad. 1890, 4407 


3 


14 45 30.62 


-15 38 19.9 


Newcomb's Fuiid.Catal. 


25 


16 50 56.93 


-22 69 47.3 


Cape 1885, 1184 


4 


14 45 19.19 


-15 35 38.6 


(( « « 


26 


16 46 11.96 


-22 44 38.3 


Rad. 1890, 4380 


6 


16 32 34.12 


-21 2 36.4 


Cincinnati 1886, 2632 


27 


16 57 37.37 


-19 21 10.3 


Cincinnati 1885, 2797 


6 


16 28 31.62 


-20 69 6.1 


« " 2626 


28 


16 62 11.00 


-19 38 22.5 


« " 2789 


7 


15 22 41.40 


-20 62 17.1 


" " 2613 


29 


17 19 45.48 


-19 39 10.7 


" « 2842 


8 


15 13 8.03 


-20 44 56.7 


« . « 2691 


30 


17 15 66.67 


-18 33 39.9 


U.S.N. Obs. Tr.Cir.Pos. 


9 


16 10 12.16 


-20 34 47.7 


« " 2586 


31 


17 16 41.13 


-18 32 63.8 


ii a (( 


10 


16 40 32.42 


- 9 24 6.0 


Wien, A.G.Z. 57, 141 


32 


17 18 66.05 


-18 21 21.1 


Had. 1890, 4630 


11 


16 32 9.02 


- 8 65 54.2 


" « 268, 326 


33 


19 54 26.76 


+ 16 42.9 


Nicolajew, A.G. 6027 


12 


15 41 25.27 


- 3 45 26.7 


U.S.N. Ob8.Tr.Cir.Po8. 


34 


19 48 69.91 


+ 56 30.7 


« « 6006 


13 


15 38 20.26 


- 3 37 48.7 


<i <i « 


36 


19 47 31.92 


+ 45 23.2 


Newcomb'sFund.Catal. 


14 


16 33 12.10 


- 3 44 45.4 


« « (( 


36 


19 44 8.04 


+ 44 65.9 


Nicolajew, A.G. 4986 


15 


16 34 13.79 


- 1 34 1.1 


Nicolajew, A.G. 4184 


37 


20 36 36.74 


-14 51 20.7 


Rad. 1890, 6564 


16 


16 28 42.14 


- 1 44 2.1 


" " 4166 


38 


20 33 20.31 


-14 63 38.3 


Wash., A.G.Z. 68, 129 


17 


16 25 46.11 


- 2 5 40.2 


« 4151 


39 


20 29 20.44 


-14 46 28.4 


" 72, 129 


18 


16 26 42.31 


- 2 3 4.4 


« « 4153 


40 


20 20 37.66 


-15 17 46.4 


Rad. 1890, 6487 


19 


16 23 31.54 


- 2 6 41.3 


" « 4140 


41 


20 18 36 97 


-15 17 49.4 


Wash., A.G.Z. 66, 131 


20 


17 7 26.33 


-14 13 13.2 


Wash., A.G.Z.'46, 120 


42 


20 15 67.84 


-15 18 64.1 


" " 64, 131 


21 


17 17.04 


-14 13 53.6 


« •' 43,120 


43 


20 17 41.84 


-16 33 36.6 


"63,131,219 


22 


17 32.76 


-14 12 29.2 


« 43, 120 


44 


20 14 39.14 


-15 23 29.5 


" " 64, 131 



OBSERVATIONS OF BROOKS'S COMET (1881 V), 

HADE WITH THE 26-INCH EQUATORIAL AT THE U.S. NAVAL OBSERVATORY, 

By C. W. FREDERICK. 
[Ck)inmanicated by Rear-Admira] C. M. Chester, U.S.N., Superintendent.] 



1908 Wash. M.T. 


* 


Comp. 


Ja 


j8 


App. a 


App.8 


logpA 


Red. to App. PI. 


Aug. 20 II^'ST^SO 
21 11 20 21 


1 

2 


27,6 
23,5 


m s 

-1 22.66 
+1 65.95 


-4 55!4 
+ 2 38.7 


h m i 

21 1 27.31 
21 43.53 


-27° 4' 26.5 
-27 4 12.9 


8.820 
8.676 


0.903 
0.903 


+3'.73 +2L5 
+3.75 +20.9 





Mean Places 


of Comparison- 8ta 


rsfor the beginning of the 


year. 


* 


a 


8 


Authority 


* 


a 


s 


Authority 


1 


h m 8 

21 2 46.24 


-26 59 52.3 


C.G.C. 28982 


2 


h m t 

20 68 43.83 


/ § 

-27 7 12.0 


C.G.C. 28872 
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THE WHITE SPOT ON SATURN, 

By E. E. BARNARD. 



This object, observations of which were given in A.J, 
542-543, promises to be of unusual interest, because its 
period of rotation is much longer than that previously 
attributed to Saturn, 

It is not often that the average observer has the chance 
to determine the rotation period of Saturn^ for conspicuous 
spots on the planet are very rare — the last one, a con- 
spicuous white spot, was observed by Hall at Washington 
in December, 1876. The observations of that spot gave a 
period of 10»* 14'» 23r8 ± 2-.30, according to Professor 
Hall {A,N, 2146). 

It would seem that the only determination previous to 
Hall's, was by Sir Wm. Hbrschel in 1794, when he 
found the period to be 10** 16"* 0'.4, which might be in 
error by 2". This period was determined from some pe- 
culiarity of the belts, and not from a definite spot. 

Since Hall's observations in 1876, no conspicuous spot 
has appeared on the planet, though faint spots have been 
reported by one or two observers, but they could not be 
seen by others. 

The present opportunity, therefore, is a rare one, and 
the period of the planet (or of the spot, since the spots of 
Saturn doubtless have different proper motions) ought to 
be well determined this time, for the object is both con- 
spicuous and distinct. 

At the second observation of this spot — that of June 
24 — it was seen that the period of 10** 14°* would not fit 
the observations, and that the rotation time must be de- 
cidedly longer. It was later found to be about 10** 39". 

In A,N. 3883, K. Graff of the Hamburg Observatory, 
by combining the observation here of June 23 with an ob- 
servation at Hamburg on June 26, and one at Bamberg, 
by Habtwio, on the same date, found the period to be 
10** 39"*.01. 

This period is some 25 minutes longer than Hall's. It 
is therefore important that the spot be observed as care- 
fully as possible, so that its exact period may be determined. 

It is well known that the different spots on Jupiter have 
different rotation periods in general, but there has never 
been observed any such great difference as that indicated 
above for Saturn, 

At an observation here of this spot on Aug. 2, with the 
12-inch, it was very distinct and easy. The probability is, 
therefore, that it may last out the season of Saturn^ s pres- 
ent apparition. 

There seem to be s.everal spots, and it is well to avoid 
confusion in their identification. 

Following is a continuation of the observations of the 
original white spot. The observations of June 23 and 24 
will be found in A.J. 542-543. 



1903 July 6 (transit 12** 41»). 
A note says : " The observation refers to the following 
of two spots." 

h m 

July 13 12 30 no spots visible at this time. 

13 20 there is a luminous spot following the cen- 

ter. It is long and irregular. 

14 5 the main body not quite in transit. 
14 9 in transit. 

14 14 in transit. 

14 16 I think it is past transit. 

14 17 certainly past transit. There is a smaller, 
and not so distinct a spot, joining this, 
following and separate from the larger by 
a dark patch. 
Adopted time of transit 14** 11". 

July 14 the spot above (observed on the 13th) identified 
with certainty. Following are observations 
of its transit : 

h m 

11 19 not quite in transit. 
11 24 not quite in transit. 
11 25 in transit. 
11 27 in transit. 
11 29 I think it is past transit. 
11 30 uncertain yet. 
11 32 a little uncertain yet. 
11 34 it is certainly past transit. 
Adopted time of transit 11** 26". 

There is a small spot following. No other spots visible 
on the disc. At 11** 41" the preceding spot was conspicu- 
ously past transit. Distance between the spots = 3^5. 

At 12** 30" the two spots are past transit, and no others 
visible. 

b m 

Aug. 2 13 46 a luminous sj)ot very nearly in transit. 
13 49 perhaps not yet in transit. 
13 52 in transit. 
13 55 in transit. 

13 5^ in transit, fairly well seen ; small and dis- 
tinct. 

13 58 perhaps past transit. 

14 perhaps past transit ; a little uncertain. 

14 2 it seems to be past now, but a little uncertain. 
14 8 past, but not decidedly so. 
14 10 decidedly past transit. 

The time of transit would be close to 13** 57". 

It was slightly elongated. 

No other spot visible on the disc. 

I believe that these are all observations of. the original 
white spot, though there may be some uncertainty on ac- 
count of there being two spots at this point. 

The following observations are also of white spots, but 
they do not seem to be of the original spot. 
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June 30 13 19 a definite white spot, quite well defined at 
its following end ; in transit at the above 
time. " If this is the spot seen before, it 
is not near so conspicuous as it was." 

July 7 1 3 20 a small, luminous, round spot, H^ in diameter, 
in transit. It is on a cold steel blue or 
bluish gray narrow belt. No other spot 
visible. 
13 28 it is, I think, past transit. 

July 20 11 24 a small, oblong, white spot, in transit. There 
is a small white spot preceding it, which 
is on the narrow bluish belt, and breaks 
the continuity of the belt. No other spots 
visible. 



July 20 11 55 no other spots visible. 

July 21 12 35 there seems to be a white spot past transit. 

July 27 12 30 can see no spots. 

If the observations of Aug. 2 are of the original white 
spot, a rough approximation would make the period 
W 38".8 

The observations of the spot on July 13 and 14 (where 
identification was absolutely certain) are consistent with 
the above period. 

I hope to make an exact determination of the periodic 
time, at the close of the observations of these spots. 

Yerkea Observatory , Williams Bay, 1903 Aug, 6. 



THE KING NEBULA IN LYRA, AND THE DUMB-BELL NEBULA IN 

VULPECULA, AS GREAT SPIRALS, 

By J. M. SCHAEBERLE. 



In No. 539 of this Journal the announcement was made 
that the Ring nebula in Lyra, as shown by photographs 
taken with my reflector, is a spiral. An examination of 
the plate published in the same number of the Journal 
will show that each of the two main branches, on leaving 
the center of the nebula, divide up into a number of small 
arcs, as though the several observed stream-lines repre- 
sented the debris along the paths of different out-going 
masses which originally left a common origin at the same 
instant in diametrically opposite directions, but with vari- 
ous radial velocities,* 

The inner streams of each branch after completing some- 
thing more than a semi-circle intersect the outer streams 
of the opposite branch before the latter have completed 
their first quadrant. The overlapping of these streams 
causes an ever-widening nebulous area of greater density, 
which, added to the effects of the inclination of the plane of 
the nebula to the line of sight naturally reaches a maximum 
at points near the minor axes. The outer streams of each 
branch, after completing the first 180°, form with the super- 
posed inner streams which are at a greater angular distance 
from the origin, the inner boundary of the main nebula, and 
at still greater angular distances from the origin these 
compound heavier stream sf gradiially approach the outer 
boundary of the nebula and disappear in the neighborhood 
of the two ends of the major axis after having completed 
something more than five quadrants for the outer streams 
of each branch, and probably several revolutions for the 
inner streams. 

* That each of any two fluid or gaseous masses at the instant of 
separation should break up into parts having various radial velocities 
would seem to be much more probable than that the whole mass 
of each half should have a common velocity. 

tTwo superposed gaseous spirals having a common origin, but 
different initial velocities, would produce a spiral structure com- 
posed of arcs of greater density where these spirals overlap, con- 
nected by the less dense areas formed by the separated individual 
streams. 



In photographic prints so timed that only a faint nebu- 
losity is visible near the extremities of the major axis, the 
appearance of the whole nebula is so strikingly similar in 
form to the Dumb-bell nebula in Vulpecula that it might 
easily be mistaken for the latter object by one who had not 
made a special study of these nebulas. (This resemblance 
led me to examine the Dumb-bell nebula photographically 
with the result mentioned farther on.) 

If the outer boundary of the Ring nebula represents the 
extreme distance which the inner streams have reached 
at the present visual stage of the nebula, and if the arrange- 
ment of the matter composing the nebula results from the 
action of gravitational forces, then theory requires that 
the outer streams of each branch should exist at still 
greater distances from the origin. These outer streams, 
no longer reinforced by the inner ones, would require 
greater optical power to render them visible. 

Photographs of long exposure which I have taken at 
various times under ordinary atmospheric conditions show 
much streaky nebulosity in various position angles, con- 
cave towards the center of the Ring nebula. 

On August 21, 1903, while -making the preliminary ad- 
justments, it was at once apparent that the atmosphere 
was most unusually pure and steady. A series of ex- 
posures from 2" up to 35" duration were made, and the 
resulting negatives reveal the fact that the various exterior 
nebulosities, including Barnard's small nebula,* and 
practically all the neighboring stars, are apparently part 
of the same great spiral of which the well-known Ring 
nebula forms but a comparatively small central part. 

The enlargement of the negative which had an exposure 
of 35™, sent with this paper, may not be suitable for repro- 
duction. On this particular occasion a much longer ex- 
posure might well have been given with better results. 

♦See Astr, Nach., No. 3200. This nebula is visible on negatives 
having an exposure of one minute. 
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The general curvature of these exterior streams is unmis- 
takably that of a clock-wise spiral whose maximum visible 
diameter is about one-quarter of a degree. One gets the 
impression that if these exterior streams were brighter a 
structure similar to the Whirlpool nebula (M. 51) would 
result ; the nucleus of the latter being regarded as a ring 
nebula on a small scale. 

As a result of the photographic examination of the 
Dumb-bell nebula, mentioned above, the very first series 
of negatives, taken several weeks ago, revealed, unmis- 
takably, that thia object is a great counter clock- wise spiral, 
at least half a degree in diameter, the well-known nebula 
occupying the central area. This central area (plainly 
elliptical in outline on the photographs) seems to be 
formed in much the same way as the above-described Ring 
nebula, except that the several streams into which the 
main branches divide are much more divergent near the 
origin. The several exterior streams, which are very regu- 
lar, and like the Ring-nebula, studded with faint stars, 

Ann Arbor, 1903 Sept 1. 



appear to make but little more than a complete revolution 
up to points 15' distant from the origin,* while the inner 
streams probably make several revolutions before reaching 
the bright exterior boundary of the Dumb-bell only about 
4' from the center. 

I have been waiting for a good night to make a long 
exposure on this nebula, but as this opportunity may not 
soon be available, a photograph, which may possibly be 
reproduced so as to show the spirals, is sent herewith. It 
is a 15-diameter enlargement of a negative exposed for 
20 minutes on July 22, 1903. 

Additional interest will attach to planetary nebulas in 
general if it shall be found that the well-known objects of 
this class are but parts of structures similar to the two 
considered in the present article. 



♦The streams probably extend much farther from the center, 
but in my instrument the aberrational effects become so large 
that the results are uncertain at greater distances from the optical 
axis. 



OBSERVATIONS OF 7793 8S CYGI^I, 

By ZACCHEUS DANIEL. 



SS Cygni has recently acted in a very strange manner. 
The maximum in February was anomalous in form, and 
similar to that of December, 1899, a curve of which was 
published by J. A. Parkhubst in Popular Astronomy, V. 8, 
p. 46, and the Astrophysical Journal, V. 12, p. 268. The 
observations indicate a stand-still at a point where the rise 
is usually very rapid. This maximum was also observed 
by Habtwig {A,N, 3866). After a short period of normal 
brightness following the April maximum, I found it on 
May 10, apparently, somewhat brighter, but in a few days 
it returned to normal. On May 25, however, it was cer- 
tainly above normal, but a few days later it had become 
faint agaiu. That was probably the end of a short maxi- 
mum. The next maximum was also short. The rise be- 
gan on June 21. On the decrease, a stand-still occurred 
at 10".5. The maximum in July is noteworthy in that 
the decrease was somewhat checked toward the end, the ap- 
proach to normal brightness being comparatively slow. This 
has also been observed at several previous maxima. 

Following are my observations this year to date. They 
were made by Argblandeb's method, with apertures rang- 
ing from 12.7 cm. to 58.4 cm. The magnitudes are on the 
visual scale given in the Astrophysical Journal, V. 12, 
p. 260. The decimals of a day are in Greenwich ^!.T. 



1908 


J.D. 


Mag. 


1908 


J.D. 


Mag. 


Jan. 1 


6116.553 


8.73 


June 29 


6295.744 


9.49 


6 


121.533 


10.30 




30 


296.691 


9.87 


10 


125.526 


11.32 


Jnly 


1 


297.776 


10.02 


18 


133.621 


11.28 




3 


299.816 


10.52 


■Feb. 5 


161.516 


10.29 




4 


300.802 


10.59 


6 


152.624 


10.13 




6 


302.743 


11.32 


9 


155.517 


9.36 




9 


305.656 


11.37 


10 


156.606 


9.35 




10 


306.737 


11.37 


12 


158.507 


8.76 




15 


311.657 


11.27 


14 


160.503 


8.86 




16 


312.684 


11.27 


Apr. 8 


213.771 


8.66 




19 


315.716 


11.17 


9 


214.889 


8.76 




21 


317.839 


11.27 


22 


227.864 


11.22 




27 


323.858 


8.36 


May 10 


245.776 


11.05 




28 


324.708 


8.46 


13 


248.673 


11.12 




29 


326.828 


8.66 


15 


250.712 


11.17 




31 


327.833 


8.66 


17 


262.721 


11.22 


Aug 


1 


328.665 


8.76 


26 


260.802 


9.74 




2 


329.831 


8.96 


28 


263.780 


10.92 




5 


332.618 


9.70 


June 2 


268.742 


11.37 




7 


334.653 


10.26 


3 


269.767 


11.37 




9 


336.625 


10.98 


12 


278.641 


11.42 




10 


337.583 


11.02 


13 


279.724 


11.32 




11 


338.826 


11.12 


21 


287.708 


10.98 




12 


339.806 


11.27 


26 


292.781 


8.76 




14 


341.790 


11.22 


27 


6293.660 


8.96 




17 


6344.810 


11.32 



The Observatory, Princeton, N,J,, 1903 Aug. 28. 
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ORBIT OF COMET 

By J. M. POOR. 
1. Introduction. 

The definitive orbit of this comet has already been pub- 
lished as it was determined by Manoel Soares be Mello 
K SiMAS from a very thorough discussion of nearly all the 
published observations.* The following elements of the 
same comet had been deduced, and were nearly ready for 
the printer when DeMello's paper was received. Publi- 
cation has been delayed that the discussion of the pertur- 
bations might be carried considerably farther than was at 
first intended, though most of the computations were com- 
pleted by the writer while Fellow at Princeton University. 
The writer congratulates himself as well as the astronomical 
public in general on the close agreement of the results as 
assuring confidence in the numerical accuracy of the com- 
putations, though this work would not have been under- 
taken had occupation of the same field by another been 
known. The following paper is abridged in order to avoid 
repetition so far as is consistent with the satisfactory state- 
ment of results. 

This comet, independently discovered on July 23, 1900, 
by Borrelly, at Marseilles, and Brooks of Geneva, U.S.A., 
was observed for a little more than three months, while an 
attempted observation by Aitken at Mt. Hamilton, five 
months after discovery, though interrupted by rising fog, 
showed the comet to be nearly in its predicted position, 
and indicated that the orbit was nearly parabolic. 

2. Elements, Ephemeris, and Stars. 
The elements here employed for comparison and cor- 
rection are based on those computed by Scheller and 
Wedemeyer (A.N. 3660). They are 

T = 1900 August 3.19930 Gr. M.T. 
01 = 12° 25 34.80 ^ 



1900 II, 



Ji = 328 26.20 '-Ecliptic 1900.0 
i = 62 30 44.00 \ 
log q = 0.0063830 



* Astronomische Abhandlunytn als Erg (inzung sh^te zu d^n Astro- 
nomischen Nachrichten kerauagegebenen von Prof. Dr. H. Kbeutz, 
Nr. 4, 1 Teil. 



X = r (9.9457964) sin ( 86 20 32.37 + v) 
y = r (9.6867100) sin (283 8 27.03 + v) 
z ^ r (9.9966354) sin ( 9 27.35 + v) 

Throughout the computation Greenwich mean time has 
been employed, and solar coordinates have been taken 
from the American Ephemeris and Nautical Almanac. 

Comparisons with the ephemeris from these elements 
were made by interpolation for the date of observation 
corrected for aberration-time from positions computed at 
intervals of twelve or twenty-four hours, as the case might 
require, except for observations in right-ascension between 
August 20.5 and August 29.5, and in declination between 
August 23.5 and August 27.5, when the motion of the 
comet near the pole made it seem best to compute the 
place for the time of each observation directly from the 
elements. 

As far as possible A.G. star places have been employed, but 
for polar stars Carrington has been used. Several star places 
are the result of comparisoa with A.G. stars or Berlin J.B. 
stars, and others are the result of meridian observations 
published with the comet observations. ' D.M., Cincinnati, 
Nos. 12 and 13, Berlin J.B. 1900, Gr. Obs. 1896, Romberg, 
and Hamburg zones have been used, and some positions 
have been modified by Pulkowa Obs., Yarnall, Greenwich 
Ten-Year Catal., Eadcliffe (1860.0), and Gr. Obs. 1898. 
Sixteen A.G. Dorpat places were kindly furnished in 
manuscript by Profs. Levitzky and Scuarbe of Dorpat 
Observatory. Romberg was consulted for me by Mr. D. T. 
Wilson at Cincinnati, and Fedorenko by Prof. Searle at 
Harvard, though the latter positions were not employed. 
Proper motions have been applied whenever found. The 
position of the star 100 of DeMello's list, to which he 
calls attention, was found to be R.A. = 3^ 34" 33v54 ; 
Decl. = 71** 58' 42".l as deduced from positions furnished 
from Dorpat. The reduction of observations depending 
on the star Carrington ^^b (DeMello's star 120) indicated 
a proper motion in declination, and its comparison with 
Nos. 708 and 720 of the same Catalogue, made at Princeton 

(183) 
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by the computer, yielded as a result an annual proper 
motion in R.A. of — 0-.0057, and in Decl. of -0".1338 
(equator 1903.0). Its position for 1900.0, as deduced from 
these observations, was found to be R.A. = 4*» 46" 37'.92 ; 
Decl. = 81^ 49' 57".5. 

In reducing stars to the epoch 1900.0 the constants of 
Stbuve and Peters have been uniformly employed, and 
above 75" declination rigorous formulas were used. 

3. Observations and Weights. 

It was intended to collect all observations, and a request 
for such as had not been published was inserted in A.N. 



3753. The usual journals were examined, but by an over- 
sight all observations published in Compfes Rendus only 
remained unknown to the computer until the appearance 
of DeMello's work. These included three observations 
made at Algiers, the valuable series of Bordeaux and 
Lyons, with the less numerous series made at Marseilles, 
Paris and Toulouse. To those omitted must also be added 
the series made at Washington, and published in A.J. 535, 
too late for consideration in this discussion, and likewise 
omitted by DeMello, as were also two unpublished obser- 
vations made at Pulkowa, which were kindly furnished by 
the observer, A. Sokolow. For completeness the latter 
are here inserted. 



1900 Gr. M.T. 

September 6.29000 
11.33524 



Comet — Star 



R.A. 



Decl. 



+ 2 27.65 -5 27.3 
-f-0 35.58 -2 7.2 



Parallax 



R.A. 

-hl!*67 
+ 1.11 



Decl. 

+ 2.5 
+ 3.8 



R.A. 



h DC 

13 24 



3.06 



13 46 53.67 



Decl. 

78 58 32.7 
76 2 46.7 



Comp. Star 

A.G. Kasan 2333 
« « 2428 



In reducing observations parallax factors have all been 
recomputed by means of Bauschinoer's Tables and re- 
ductions from mean to apparent place have been made by 
the use of constants of the American Ephemeris and Nauti- 
cal Almanac. 

For convenience in weighting, observations have been 
divided into three groups. Group 1 consists of those cases 
where more than five observations were made with a filar 
micrometer by one observer. Group 2 is made up of those 
series more than five in number made by a single observer 
with a ring or bar micrometer ; and Group 3 includes all 
series less than six in number by a single observer. The 
only apparent exceptions to these rules are two cases in 
Group 3 in which the series numbered six, but these were 
subsequently reduced to five or less by rejected observa- 
tions. Such rejections were determined as follows : 

First. Because recent or accurate catalogue-places of 
companion stars were not found, or because no catalogue 
place was found : Arcetri, Aug. 19 (comi).-star Fedorenko) ; 
Hamburg (Sch.), Sept. 19 ; Hamburg (M), Sept. 19 ; Kiel ; 
July 28 ; Konigsberg (S), Aug. 23 ; Paris, July 24 ; Pola 
(H), July 25 ; Pola (M), July 25. Letters in parenthesis 
indicate the observer as explained in the list below. 

Second. Because of serious discrepancy with other ob- 
servations made at nearly the same time : Denver (L), 
July 28, Decl. ; Denver (H), July 30 and all other observa- 
tions in declination ; Heidelberg (C), July 25, Decl. ; Heidel- 
berg(V), Aug. 18, Decl. ; Kiel, July 25, Decl. ; Kremsmiinster, 
Aug. 19, Decl. ; Lemberg, Aug. 10 and all other observa- 
tions in declination ; Leipzig, July 25, Decl. ; Gottingen, 
July 25; Utrecht (V), Aug. 16, Decl. and Sept. 5, R.A. ; 
Geneva, July 26, Decl. ; Padua, Aug. 1, second obs. Decl. 



In no case was the attempt made to harmonize by chang- 
ing the date of an observation. 

In determining weights each remaining residual was first 
given unit weight, and curves, one for each coordinate, were 
constructed by means of normals at convenient intervals. 
These curves were assumed to represent the true path of 
the comet with which the residuals of each observer were 
compared, thus giving '* secondary " residuals from the first 
powers of which the computed weight of an observation 
was found by the formulas 

r = 0.8453 t^ and » = -^ 
m r^ 

in which c^ the mean value of r for all observers whose 
observations numbered more than 5, was found to be 0".16 
in R.A., and 1".9 in Decl. 

Observations of Group 1 were then given the integral 
weights 2, 3, or 4, according to the numerical value of the 
weight as computed. In the same way, those of Group 2 
received weights ^ or 1, while the weights of Group 3 were 
assigned arbitrarily because of the small number in each 
series. 

From the results of comparisons with the curves it was 
thought best to apply corrections to observations as follows : 



Correction. 



Observatory 

Arcetri, 
Geneva, 
Kiel, 
Kremsmiinster, 



R.A. 

-0^25 
-h0.20 

-0.34 



Decl. 

+ 2.3 
+ 2.9 



The following table contains details outlined above with 
references to journals where observations were found. 
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R.A. 




Decl. 




















A 






Observatory 


Observer 




Group 


Obs. 


P 


Obs. 


P 


Journal 




Algiers 


sy 




1 


8 


4 


8 


3 


B.A., Vol. 18 




Arcetri 


Abetti 




1 


42 


2 


42 


2 


A.N. 3674, 3687. Arcetri Pub., No. 15 


BesaD^on 


( Chofardet 
1 Sallet 


= C 


1 


12 


4 


12 


4 


A.N. 3656, 3691. B.A. 


, Vol. 18 


= S 


3 


2 


1 


2 


1 


A.N. 3656 




Copenhagen 


Pechule 




3 


3 


1 


3 


1 


A.N. 3654, 3656 




Denver 


( Heller 
(Ling 


= H 


3 


6 


1 


6 





A.J. 508 




= L 


1 


22 


3 


22 


3 


A.J. 492, 503 




Geneva 


Pidoux 




1 


8 


2 


• 8 


2 


A.N. 3660 




Gottingen 


Schur 




3 


1 





1 





A.N. 3655 






( Scheller 


= S1 


1 


13 


3 


13 


4 


A.N. 3655, 3724 




Hamburg 


- Schorr 


= Seh. 


3 


3 


1 


3 


1 


A.N. 3724 






( Messow 


= M 


3 


6 


1 


6 


1 


A.N. 3724 




Heidelberg 


( Courvoisier 
( Valentiner 


= C 


3 


4 


1 


4 


1 


A.N. 3664, 3720 




= V 


3 


4 


1 


4 


1 


A.N. 3720 




Jena 


Knopf 




2 


6 


1 


6 


1 


A.N. 3692 




Kiel 


Kistenpart 




2 


8 


1 


8 


1 


A.N. 3664, 3666 




Konigsberg 


J Cohn 
\ Struve 


= C 

= S 


3 

1 


1 
12 


1 

4 


1 
12 


1 
4 


A.N. 3655 
A.N.ZIQO 




Kreinsmiinster, 


Schwab 




2 


8 


1 


8 


1 


A.N. 3760 




Leipzig 


Hayes 




3 


1 


1 


1 





A.N. 3654 






( Crawford 


= c 


3 


4 


1 


4 


1 


A J. 484 




Lick 


-^ Aitken 


= A 


1 


10 


3 


10 


2 


A.J. 490 






( Perrine 


= P 


3 


3 


2 


3 


2 


A.J. 494 




Lemberg 


Ernst 




2 


15 


\ 


15 





^.iV. 3655, 3740 




Nicolaeff 


Kortazzi 




1 


11 


2 


! 11 


3 


A.N. 3677 




Northampton 


Bj-rd 




3 


2 


1 


2 


1 


^.J. 495 




Paris 


Bigourdan 




3 


1 


C 


1 1 





^.iyr. 3654 




Padua 


Autoniazzi 




1 


13 


^ 


t 13 


3 


A.N. 3678 




Pola 


(Hohl 

( Maichetti 


=- H 


3 


3 


\ 


3 


i 


^.i\r. 3661 




= M 


3 


1 





1 





A.N. 3661 




Poughkeepsie 


Whitney 




3 


2 


1 


2 


1 


-aj:495 




Pulkowa 


Sokolow 




3 


2 


2 


2 


2 


Correspondence. 




Rome 


Millosevich 




3 


4 


2 


4 


2 


^.iV'. 3655, 3746 




Strassburg 


Kobold 




1 


10 


4 


10 


4 


A.N. 3654, 3726 




Utrecht 


< Nijland 
( Veenstra 


= N 


1 


12 


i 


t 13 


3 


A.N. 3654, 3719 




= V 


1 


11 


2 


11 


2 


^.iV^. 3719 




Vienna 


( Palisa 

( Holetschek 


= P 


3 


2 


\ 


2 


i 


A.N. 3655, 3718 




= H 


3 


3 


\ 


r 3 


i 


^.iV^. 3713 






4. Perturbations. 










Date 


&e hy 


8z 


Perturbations 


taking into account the action of Mercury, 




Sept. 27 

Oct. 7 

17 


-160 + 49 
-201 + 67 
— 244 + 88 


- 96 
-131 

-172 


Venus, Earth, Mars, Jupiter and Saturn 


were computed in 




rectangular coordinates referred to the ecliptic, 


with July 




27 


-288 +110 


-219 



29.0 as the date of osculation. A uniform interval of 40 
days was adopted for Mars, Jupiter and Saturn, while for 
Mercury, Venus and Earth, the interval was 10 days until 
September 17, after which it was 20 days. Referred to 
the equator as fundamental plane the perturbations in 
rectangular coordinates deduced were as follows : 

Perturbations (Seventh decimal place). 



Date 


8x 


Sy 


Sz 


July 19 
29 


- 1 












Aug. 8 
• 18 


- 11 

- 30 


+ 
+ 4 


- 3 

- 12 


28 


- 55 


+ 10 


- 25 


Sept. 7 
17 


- 86 
-121 


+ 20 
+ 33 


- 43 

- 67 



5. Normal Places and Least-Square Solution. 

For the construction of normal places the list of obser- 
vations was divided into eight sections at the following 
dates: July 29.0, Aug. 3.0, Aug. 11.0, Aug. 20.0, Sept. 1.0, 
Sept. 14.0, and Oct. 10.0. To find a normal place with its 
corresponding time and weight, the following equations 
were applied to the observations of each section : 






(cosS.Ja)^ = 



[/?.cos8.//a] 



A = t^ and p, = [p] 

The normal places thus foimd, including corrections for 
perturbations, are as follows : 
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No. 

1 
2 
3 
4 
5 
6 
7 
8 



Date 



July 
Aug. 



Sept. 
Oct. 



26.7 
31.7 

8.1 
16.1 
24.84 

8.62 
22.0 
19.4 



R.A. 

41^*37 49*84 
43 9 30.24 
46 51 52.18 



(c08 8.Ja)o Po 



Decl. 



56 36 
116 19 
204 2 
213 22 
224 5 



8.51 

3.02 

46.37 

48.83 

18.06 



-3.98 
—2.24 
-2.90 
-3.28 
+5.46 
+8.68 
+ 8.37 
+4.11 



115 
116 

76.5 

72 

61 

50 

64 

44 



20 51 
36 9 
57 41 
14 



to 

85 
77 
71 
65 



42 
33 
23 

58 



8.27 
55.38 
49.99 
47.31 
33.68 
48.50 
36,87 
25.52 



(J3)o 

- 0.04 

- 2.88 

- 2.26 
f- 3.50 
H 3.52 

- 9.82 
-13.42 
-16.37 



114 
113.5 

70 

65 

65 

54 

60 

41 



For the least-square solution the elements were referred 
to the mean equator of 1900.0 and differential coeflBcients 
computed by means of the formulas given in Klinkerfues, 
Theoretische Astronomie, Zweite Avflage, 

The elements so referred are 



T = 1900 Aug. 3.19930 Gr. M.T. 



<o' = 
ft' = 331 43 



27.35 ) 

41.17 V 



V = 82 52 37.55 ) 
log q = 0.0063830 



Equator 1900.0 



Equations of the form 



•>r^/<^ft + COS 8 . — r, <i*' + QO%h——,dJ + C088.--=i(ir+COS 
<7ji' "3%' dio' al 



— -^(ir+ cos8. --— c^a + cos8.— - rfe = /la 



.cosS 



cos8.-^^^,, 

root of its weight, after putting x = dJJ' ^ y = di' , z =^ dt' ^ 
lc following : 



each made homogeneous and mul 
t = 10*rfr , u = lO'c?^' and w 



and multiplied by the square root of its w 
J and w = 10^ de, become the following: 

Equations of Con] 



Equations of Condition. 
Right- Ascension. 



/ 1 


+ 7.7683 X +1.4477 y -2.9631 « 


+ 0.4528 JJ 


-4.6772 u 


-1.0195«; = -42.6807 


2 


+7.7522 


+0.4459 


-0.3558 


-0.1698 


-4.7957 


-0.3213 = -24.1255 


3 


+5.0272 


-0.5654 


+ 2.7374 


-0.8271 


-3.6921 


+0.3836 = -25.3646 


4 


+ 1.8913 


-0.4116 


-1-4.7915 


-1.2005 


-3.2057 


+ 0.2469 = -27.8317 


5 


-8.1736 


+4.6175 


+ 2.2463 


-0.2434 


- 1.4365 


-3.1798 = +42.6440 


6 


-4.4486 


+ 3.7784 


-5.4038 


+ 1.2800 


+ 1.6025 


-1.1228 = +61.3769 


7 


-3.1791 


+3.5780 


-6.9729 


+ 1.4305 


+ 1.8474 


+ 1.3630 == +66.9600 


8 


-1.3642 


+ 2.0688 


-6.6233 


+ 1.0666 
Declination. 


+ 1.5173 


+ 6.6962 = +26.2627 


1 


- 8.0679a; 


-1.8922^ 


+ 20.6923 « 


-10.2847/' 


-0.2164 w - 19.6231 1^; = - o".4271 


1 2 


-13.7908 


-0.9145 


+ 17.7338 


- 8.7714 


-0.8230 


- 5.5256 = - 30.6825 


3 


-14.4487 


+ 1.8634 


+ 8.0771 


- 3.8545 


-0.8764 


+ 4.5982 = - 18.9085 


4 


-13.4567 


-^4.3r»90 


+ 2.2498 


- 1.0104 


-0.3191 


+ 3.0084 = + 28.2179 


5 


- 6.8807 


+ 3.4364 


- 4.7621 


+ 1.0979 


+ 2.1503 


+ 0.3760 = + 28.3792 


6 


+ 4.5611 


- 4.7897 


- 1.8458 


- 0.2072 


+ 1.0876 


+ 11.6799 = - 72.1620 


7 


+ 3.5866 


-5.7932 


- 1.2974 


- 0.4515 


+ 0.7335 


+ 19.0539 = -103.9509 


8 


+ 1.3023 


-5.4001 


- 0.9393 


- 0.3970 


+ 0.33G6 


+ 24.4664 = -104.8192 



in which coefficients are given in natural numbers, y 
n/ These differential coefficients were checked according to 
the method given in the above reference witli very slight 
modification. To check 

da da da dS d^ 

Wf ' d^ ' de ' ^'' Jq 
as well as the computation of the positions to which resid- 
uals had been applied in finding the normal places, incre- 
ments appropriate for each date were successively applied 
to T, y, and e, and new positions computed from the 



and — 
de 



slightly changed elements. The remaining coefficients wer^ 
checked by finding d log ^, d log i; and d log J where the 
notation is that of the reference. 

To illustrate (Klinkerfues, page 710), 



d^ = -yrfJi' or dlogf = - 2y^.,^.5 ^- (rfJXO* 



where 



((ZJJ')" is given in seconds of arc. This in units of the 
seventh place becomes 

rflog^= [1.82336 J I (rfJiO'' 
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where numbers are expressed in logarithms. Similar ex- 
pressions for 

dlogi , rflogi; and rflogf 

were found in terms of (dQy, {dVf, and {dJf. 

Whether the numerical values of log f , log rj and log { 



were to be increased or decreased in a particular case was 
easily determined by inspection of the equations. 

From the equations of condition normal and elimination 
equations given below were obtained. As a Brunsviga 
computing machine was employed, coefficients are given in 
natural numbers, s/^ 



^/ Normal Equations 

-h 1603.4289 w; _ 580.7418 « +287.9879a; 

- 580.7418 +1007.7049 -606.0848 
+ 287.9879 - 506.0848 -1-975.6906 +248.6591 
+ 216.6062 - 439.4582 +248.6591 +207.4411 

- 235.4222 - 82.1140 -188.6705 + 37.9990 
+ .59.0753 - 85.1039 - 78.1787 + 27.0762 



+ 216.6062 If -235.4222y +59.0753 u = -5097.5544 

-439.4582 - 82.1140 -85.1039 = -1361.9109 

-188.6705 -78.1787 = -2284.0715 

+ 37.9990 +27.0762 = + 684.7583 

+ 179.8256 - 2.0807 = +2406.0835 

- 2.0807 +87.1817 = + 604.2810 



Elimination Equations. 



w -0.362187 « +0.1796080? +0.135089 f 

z -0.503882 ar -0.452748^ 

X +0.038600^ 

t 

Whence 

X = +11.81 
z = +14.18 
M? = + 3.2929 and [nn.6] = 807.6 

Reversed elimination gave identical results and also quan- 
tities by means of which were obtained 

r„ = ±1.0484 r, = ±1.6997 

r, = ±2.60 r, = ±4.70 

r, = ±2.21 r. = ±3.691 

Substitution in the equations of condition gave as check 
^pvv"] = 807.6. We have, therefore, the following cor- 
rections to the equatorial elements 



u = +28.269 
y = +35.72 
t = + 5.5065 



dSi' = +11.81 ±2.21 
di' = +35.72 ±4.70 
../ ^ +11 18 ±2.00 



dT -= +0.000551 
dq ^ +0.0000283 
de = +0.0003293 



±0.000170 

±0.0000037 

±0,0001048 



Collecting results the definitive equatorial elements are 
Epoch of osculation, July 29.0, 1900 
T = 1900 August 3.199851 Gr.M.T. 

a>' = 0° 9 4Lr)3 » 
Q' = 331 43 52.98 J- Equator 1900.0 
i' = 82 r>3 13.27 ) 
log q = 0.0()<>3951 
e = 1.0003293 
log e = 0.0001430 

from which are found 

X = r (9.9458067) sin ( 86 2l' 7.40 +v) 
?/ = r (9.0866365) sin (283 7 44.84 + v) 
z = r (9.9966447) sin ( 9 41.53 +i/) 



and also 



o> = 12 25 40.55) 
ft = 328 47.62 ^ Ecliptic of 1900.0 
i = 62 31 16.38 ) 



-0.146824 y +0.036843 u 
-0.209917 y -0.079897 n 
-0.319781 y -0.167550 w 
+0.214254 y -0.371981 w 
y -1.241788 w 
u 



+ 
+ 



3.179158 
4.023466 
4.137199 
2.643481 
0.612815 



= +28.268782 



v/ 



As a final check on the accuracy of the computation the 
residuals due to elements and those due to equations were 
determined for each normal place. They are as follows: 



Elements 



July 26.7 
'' 31.7 

Aug. 8.1 
" 16.1 
" 24.84 

Sept. 8.62 
" 22.0 

Oct. 19.4 



Ja cos S 

+ l!l 
-1.1 
-0.4 
+ 1.1 
+ 0.8 
-1.0 
-1.4 
+ 1.1 



+0.3 
-0.3 
-0.1 
-0.7 
+ 1.7 
-0.4 
+ 0.2 
+ 0.3 



Equations 



Ja cos S 

+ L0 
-1.0 
-0.5 
+ 0.8 
+0.7 
-1.0 
-1.4 
+ 1.1 



+0.3 
-0.3 
-0.2 
-0.5 
+ 1.7 
-0.4 
+0.3 
+ 0.3 



From the equations [rv] = 11.2 I 

Collecting, the definitive elements referred to the eclip- 
tic are 

Epoch of osculation, July 29.0, 1900 
T = 1900 Aug. 3.199851 Gr.M.T. 

o> = 12° 25 40.55) 

Ji = 328 47.62 I Ecliptic 1900.0 
i ^ 62 31 16.38 ) 
log f/ = 0.006.S951 
log e = 0.0001430 ^ 

6. Perturbations Before Discovery. 
A comparison of these elements with those found by 
De Mello shows slight differences, but both computations 
show the important result that at the time of discovery 
the comet was describing a hyperbolic orbit, and this 
agreement is quite close notwithstanding the considerable 
omission of observations from this discussion. This fact 
tempted the writer to make a preliminary investigation of 
the perturbations during the year previous to the comet's 
discovery. 
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Accordingly <o*^, cd'-T, and ai*Z (Watson, page 453) 
were computed for Venus, Earth, Mars, Jupiter, and Saturti 
at intervals of 40/3 days. These quantities were directly 
computed for Mars and Saturn at intervals of 40 days 
from June 4.0, 1899, to Aug. 18.0, 1900. Likewise they 
were computed for Jupiter until May 30, 1900, after which 
date they were directly computed at intervals of 40/3 
days. All remaining intermediate values were found by 
interpolation. For Venus and the Earth the quantities 
were directly computed at intervals of 40/3 days through- 
out the whole period. The quantities 

2:{u?X), 2'(a)«r) and 2:{w^Z) 

were obtained from which mechanical quadrature gave the 
perturbations referred to the ecliptic in the table below. 
The computing machine was used whenever possible. In 
this table perturbations at intervals of 40 days only are 
included. 



Pbhturbations. (SeT« 


»nth decim 


al place). 


Date 


Sx 


h 


8z 


1899 Juue 4 


- 35 


+ 291 


+5413 


July 14 


-305 


-1-244 


+4259 


Aug. 23 


-483 


+206 


+ 3257 


Oct. 2 


-569 


+ 173 


+2401 


Nov. 11 


-575 


+ 156 


+ 1689 


Dec. 21 


-528 


+ 154 


+ 1116 


1900 Jan. 30 


-467 


+ 151 


+ 677 


Mar. 11 


-367 


+ 126 


+ 360 


Apr. 20 


-257 


+ 76 


+ 154 


May 30 


-129 


+ 21 


+ 41 


July 9 


- 21 


+ 


+ 1 



The disturbances in the components of the velocity on 

dx du 

June 4.0 were found to be 8 3- = — 7.9 , 8-^^ = — 1.4, 

at dt 

dz 
8 -- = —30.8, in the same units. 
dt 

Following the method of Watson, Sec. 168, the defini- 
tive elements gave for this date the undisturbed coordi- 
nates 

x^ = -3.1959772 ; y, = -0.6369125 ; z^ = -4.2938069 ; 
and the velocities 



^ = H- 0.00857336 5 ^ = 
dt dt 



-0.00182998 



dz 



dt 



^ = -f- 0.00574773 ; 



Shattuck Observatory, Dartmouth College, Hanover, N.If, 



from which, after corrections for perturbations had been 
applied, the following elements were deduced. 



Epoch of osculation, June 4.0 1899 
T = 1900 August 3.24627 

o) = 12"* 25 42.5) 
a = 328 1 16.6 y Ecliptic of 1900.0 

i = 62 31 19.2 ) 
log q = 0.006438 
log e = 0.000058 

e = 1.000133 



According to this computation, therefore, the eccentricity 
had increased during the 400 days previous to the comet's 
discovery. 

Among the disturbances caused by the planets during 
this period those of Jupiter were the most important 
during the greater part of the time, while those of Saturn 
and Mars were much less, as were also those of Venus and 
Earth, except near the time of discovery. Therefore the 
quantities, o^X, <u^Y, m^Z for Jupiter alone were computed 
for four dates at intervals of 100 days previous to June 4, 
1899. When the position and motion of the comet during 
this time are considered, w^-Y, w^ Y, w^Z, indicate that the 
effect of perturbations during this earlier period was acting 
in the same direction. 

In the light of this preliminary study it seems not un- 
reasonable therefore to account for this hyperbolic orbit at 
the time of discovery as the result of perturbations, and to 
conclude that a careful study sufficiently extended would 
show that this comet entered the solar system in a sensibly 
parabolic orbit. 

7. Conclusion. 

Defective though it is, this piece of work is now brought 
to a point where it is possible for the computer to lay it 
aside. The long computations involved would certainly 
never have reached even their present degree of perfection 
had it not been for the continued encouragement and many 
suggestions received from Prof. Young of Princeton. 

Besides being indebted to those already mentioned, I am 
also indebted to Prof. Antonio Abetti of Arcetri for pub- 
lications from that Observatory, to Prof. Otto Knopf of 
Jena for a correction to his observations as published, and 
to Prof. LovETT and Mr. Hiltebeitel of Princeton, for 
actually assisting in the computations. 



OBSERVED MINIMA OF 4^.1903 DB AC Oli^LS, 

By W. M. reed. 
[Communicated by Prof. C. A. Young.] 



Seven minima of this star have recently been observed 
by Mr. Zaccheus Daniel and the author with a photo- 
meter attached to the 23-inch equatorial of the Halsted 
Observatory. A part of the expense of the these observa- 



tions is borne by the Carnegie Institution. An artificial 
star, caused by an electric light, was compared alternately 
with a neighboring comparison-star and with the variable. 
The light of the artificial star was diminished by means of 
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a *' photometric wedge " photographically prepared, the 
gift of Prof. E. C. Pickering. The author is indebted to 
Mr. E. S. King for a provisional value of the scale of this 
wedge. It seems desirable to make a preliminary state- 
ment of these observations in order to call attention to 
certain unprecedented irregularities in this Ahjol-type 
variable. Although the minima occur with great regu- 
larity, and satisfy the elements of Mr. Blajko with a cor- 
rection of only 1.3 minutes, yet the magnitude at minimum 
is far from constant. In the seven minima observed the 
magnitude at minimum has ranged from 12.7 to 13.6. Also 
the shape of the light-curve has undergone equally pro- 
nounced changes. 

On July 7, the star diminished in brightness at the rate 
of about 0".10 in eight minutes, until within 30 minutes 
of minimum, when it decreased at the rate of 0".10 in two 
minutes. When the minimum was reached the increase 
began almost at once, and in a manner symmetrical with 
the decrease. 

On July 15, the star decreased in light at the rate of 
about 0".lO in eight minutes, until about 20 minutes from 
minimum, when the rate increased to about 0**. 10 in one 
minute. It then staid constant in brightness at minimum 
light for 26 minutes. The increase was symmetrical with 
the decrease. 

August 14, the third minimum was observed. The de- 
crease was at a fairly uniform rate until the minimum 
light was reached, the rate being about O^.IO in 4 minutes. 
The variable staid at minimum brightness for about 20 
minutes. On account of clouds only one magnitude of the 
increase was observed. The rate of the increase was 
about 0**.10 in one minute, and therefore unsymmetrical 
with the decrease. 

Setember 21, the variable began to decrease 2** 12*" be- 
fore the time of minimum. At first the rate was about 
0*'.10 in 12 minutes; gradually the rate was increased to 4 
minutes, and during the last magnitude of decrease the 
rate was 0**.10 in 2 minutes. The star remained at mini- 
mum light for 15 minutes. The curve of increase was un- 
symmetrical with the decrease. At first the rate was O^.IO 
in 4 minutes, then in 2 minutes, and finally 0**.10 in 9 
minutes. Observations were discontinued before the vari- 
able reached normal light. 

September 25, the decrease was at a nearly uniform rate 
of 0**.10 in 5 minutes. The star remained at minimum 
light for 32 minutes. During the first 40 minutes of the 
increase the star became brighter at the rate of O^.IO in 3 
minutes, but during the next 40 minutes the increase was 
at the rate of only 0«.10 in 13 minutes. 

September 29, the increase and decrease were nearly 
symmetrical. The decrease occupied 1** 45" in changing 
2.2 magnitudes, while the increase occupied 1** 34™ for the 
^kme range. The light remained constant at minimum for 
21 minutes. 





Stationary 


No. 


Mag. 


Period 


Sett. 


13.5 


m 

4 


375 


12.8 


26 


260 


13.2 


20 


153 


13.6 


_ 


213 


13.2 


15 


392 


12.7 


32 


345 


13.0 


21 


249 



Epoch Observed Minima O— C 

93 July 7^*15*' 21°8 -0.9 

99 15 18 50.2 -0.8 

121 Aug. 14 15 11.2 +2.7 

124 18 17 9.6 -+-1.1 

149 Sept. 21 15 37.5 -9.3 

152 25 17 31.8 +0.9 

155 29 19 12.5 -2.6 



The epochs are reckoned from the following elements 
recently published by Mr. S. Blajko in A,N. 3888 : 

Min. = 1903 Mar. 3*> 9^ 34™ Gr. M.T. , + 1** 8»» 34'" 43- E 

The observed minima are given in Geocentric Gr. M.T. 
The moment midway in the "stationary period" has been 
chosen as the time of minimum. On August 18 the group- 
ing of the observations was such that the exact length of 
the stationary period could not be determined. The in- 
crease and decrease were so rapid that a fairly accurate 
time of minimum was found. The column headed 0— C 
gives the difference between the observed minima and those 
computed from the above elements. The fourth column 
gives the magnitude at minimum derived from a prelimi- 
nary value of the magnitude of the comparison-star. While 
the relative value of these magnitudes are accurate the 
absolute value of the scale may be subject to correction. 
The fifth column, headed " stationary period," gives the 
number of minutes during which the variable was sensibly 
constant in brightness at minimum. The last column gives 
the number of settings of the instrument on both the 
variable and the comparison-star. 

There seems to be a relation between the time during 
which the star is nearly constant in brightness and the 
magnitude at minimum. It is obvious from a comparison 
of the fourth and fifth columns that the fainter the magni- 
tude at minimum the shorter is the stationary period. 

On August 18, the faintest minimum so far observed, the 
duration of the " stationary period " must have been very 
brief, but the grouping of the observations was such as to 
give no positive information as to its actual length. In 
this case the increase and decrease were so rapid near the 
minimum light that the time of minimum could be fairly 
accurately determined. 

It is interesting to note that if the eclipsing body were 
a double star, in which the components were close together, 
that the phenomena of these curves could be in part ex- 
plained. Such a hypothesis would require that occasion- 
ally there should be a "standstill " on the curve, when 
first one body should enter upon the eclipse position fol- 
lowed after a short interval by the other. Such irregu- 
larities are suspected from the observations now accumu- 
lated. But a more thorough set of observations must be 
made before this interesting feature can be regarded as 
proved. 

Princeton University, 1903 Oct. 12. 
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WOLFS "NEW STAR^' IN CTGNU8. 

By E. E. BARNARD. 



Telegraphic announcement was received on Oct. 5 of 
the discovery of a new star 11**, by Dr. Max Wolf, in the 
position, 

1903.0 20»' U™ 57'.0 +37° 9' 49" 

Observations of this object were made here on the same 
evening with the large telescope. The star was estimated 
as lOJ", and was very red. 

The following measures were made of its position with 
reference to Lund A.G.C. 9237 (8»*.9). 

/la 74".99 (4 Obs.) = 0"' 6*.27 , M 13".72 (4 obs.) 

The new star was south following. 

Following is the position of the comparison-star. 

1903.0 20»» 14" 50V75 +37° 10' I'M 

From this the position of Wolf's star is 

1903.0 20»» 14'" O7-.02 +37° 9' 47".4 

It was also referred to the comparison-star by position 
angle and distance. 

P. A. 100°.22 (6 obs.) , Dist. 76".ll (5 obs. double dist.) 

In the D.M. are two stars whose places for 1855.0 are 



.M. 


+ 37^3875 


m 

9.1 


h m t 

20 13 4.0 


+ 37° 0.4 


.M. 


+ 37.3870 


9.5 


20 13 9.6 


+37 0.4 



The first of these is A.G.C. Lund 9237. The second oc- 
cupies exactly the position of Wolf's object, and as there 
is no other star at this point, I assume that the "new 
star" is identical with D.M. +37°.3876 though it is at 
least one magnitude less than that given in D.M. 



I have a trial plate, made May 8, 1902, at IP lo- — 
12^* 0™, with the 10-inch Brashear doublet for the Bruce 
telescope — then being tested here, that covers the region 
in question. Wolf's star is strongly shown on it. It ap- 
pears to be roughly 2 magnitudes less than the Lund star 
preceding it. The magnitude is uncertain, but roughly it 
is what would be expected to result from the present red 
color and magnitude of the star. 

The star was examined by Messrs. Frost, Adams and 
Reese through a small prism placed over the eyepiece 
of the micrometer. But they were unable to detect bright 
lines in its spectrum or to note any particular resemblance 
to the visual spectrum of Novn Persei when of about the 
same magnitude, although the dispersion employed renders 
definite statements difficult. The seeing was bad which 
made observations somewhat uncertain. 

Mr. J. A. Pabkhurst measured the brightness of the 
star with the photometer on the 12-inch and found it, at 
d^ 15" (Central Standard time), to be 10** .6 .on the Har- 
vard College Scale of magnitude. 

Measures of the position of two small stars near Wolf's 
"Nova" = D.M. +37°.387G. 

+ 37°.3876 and 13" star n.f. 
1903 Oct. 5 30°.ll (5 obs.) 49M9 (8 obs.) 

+ 37°.3876 and 14- star s.p. 
1903 Oct. 5 206°.52 (5 obs.) 66M7 (8 obs.) 

It has not been thought necessary to further measure 
these stars. 

Yerkes Obnertatory, 1903 Oct, 6. 



NOTE ON WOLFS "NEW STAR'^ OF SEPTEMBER 21, 1903, 

By HERBERT A. HOWE. 



In a recent Astronomical Bulletin of the Harvard Col- 
lege Observatory, the declination of Wolf's new star is 
given as +37° 9' 49" (1903.0), as per telegram from Kiel. 
This object is of 0'.2 south of Lund A.G. Catal. 9237, by 
an observation made at the Chamberlin Observatory on 
Oct. 9. Unfortunately the catalogued declination of this 
star is 1' too great; this fact has been determined at the 
Chamberlin Observatory by micrometrical comparison of 
the star with Nos. 9236, 9221, and 9211 of the same cata- 



logue. The declination of the "new star," as determined 
by a rough measure, is +37^ 8' 49" (1903.0). On Oct. 10 
the *'new star" seemed to be of 10", and to be quite red. 
It appears to be identical with one of the stars in the 
Birmingham Red Star Catalogue, which is called Es.-Binn. 
662a on p. 104 of the revised edition of Webb's Celestial 
Objects for Common Telescopes ; the declination there given 
is 3' too small. 
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WEIGHTS AND SYSTEMATIC CORRECTIONS OF MERIDIAN OBSERVATIONS 

IN RIGHT- ASCENSION AND DECLINATION, 

By lewis boss. 



The systematic corrections published in this paper were, 
in all cases, determined from comparison with the finally 
computed positions of the Standard Stars (System B., 
A.J, 531-2). There were 699 of these stars, of which 265 
are south of — 22^ Sixty -six of the latter (with six others) 
the motions of which have been less accurately determined, 
have been excluded from publication for the present. 

The adopted systematic corrections for right-ascensions 
are contained in Tables I, II and III; those for decli- 
nations, in Tables IV and V. They do not differ materially 
from the corrections which were employed in computing 
the positions for the Catalogue, except that corrections for 
magnitude-equation were not employed in deriving those 
positions. 

If Table I be employed to free the individual catalogues 
from the'effect of magnitude-equation, the Standard Cata- 
logue itself can be made consistent with the right-ascen- 
sions thus corrected by application of the correction, 

-O'.OOTT (ikr-3.5). 

In this way, also, the ^ight-ascensions of the Standard 
Stars would be prepared for consistent use in the reduction 
of transits which have been properly corrected for magni- 
tude-equation. The Standard Catalogue, corrected in this 
way, has already been employed with distinct advantage 
in the .reduction of transits for the Albany Catalogue, 
1896-1900. 

The derivation of the magnitude-equation, z/a^, Table I, 
has already been explained (A.J. 536). It only remains 
to add that the effect of the correction has been as- 
sumed to apply with sufficient accuracy down to the 
seventh magnitude. One may extend the corrections by 
extrapolation to still fainter magnitudes, but may antici- 
pate that, in many instances, the quantities so determined 
may diverge materially from the truth. In some cases the 
material for determination of Ja^ is quite scanty. For 
Piazzi, Greenwich 15, Dorpat 15, Konigsberg 15, Cape 30, 
Armagh 40, Cape 50, Santiago 55 and 60, and Pulkowa 
1892, it was deemed safest to assume the mean value of the 
magnitude-equation, —O^.OOTT (Jf— 3.5), to be applicable 



to the right-ascensions of those catalogues. For nearly all 
catalogues of a date earlier than 1850, Ja^ is quite uncer- 
tain, owing to small weight of material for its determi- 
nation. 

The adopted formula of correction in computing z^a.. 
Table II, and JS. , Table IV, is : 

a sin a -H ^ cos a -H c sin 2a -I- rf cos 2a 

Terms in 2a have seldom been adopted, and in instances 
where they were employed the object is not so much to 
represent a known source of error (as in the c^e of terms 
of single period) as it is to use them in lieu of a graphic 
solution. It is especially desirable that the part of syste- 
matic correction of the form, a sin a + 6 cos a, at least, 
should be removed from the individual series of right- 
ascensions and declinations, since the equations which ex- 
press the effects of various forms of sidereal rotation, of 
solar motion, and of correction for imperfect precession, 
contain terms of this form. A term of the form, 

zi'a. = (a' sin a H- b' cos a) tan 8 

is sometimes employed for the right-ascensions. In Table 
II the values of that part of J^a^ contained in parenthesis 
is given on the line below Ja, for the catalogue in ques- 
tion. Therefore, in order to form z^'a., the numbers on 
the second line for the respective catalogues (opposite 
" X (tan 8) " in the margin) must be multiplied by tan 8 
and then added to the corresponding numbers of the first 
line ; so that the entire correction, having the argument, 
right-ascension in whole or in part, is Ja, H- z/'a. . 

The supposed equinox-corrections are always included 
in Ja., Table II; since it seems to be desirable that Ja^ 
should exhibit clearly the discrepancies between the 
meridian of the standard and those of the individual cata- 
logues. 

In Table III, which exhibits values of z^a, , the values 
of Jag cos 8 for S5^ and 80® of declination are also given in 
order to facilitate interpolation. These can usually be 
extrapolated for declinations higher than 85®. The curves 
of correction were originally determined for Ja^ cos 8. In 
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many cases it would be mechanically impracticable to de- 
termine them otherwise. 

It is scarcely necessary to remark that the determinate- 
uess of the several curves of correction varies greatly, — 
from the uncertainty which pertains to such catalogues as 
those of PiAzzi, Madras, Armagh, Cape 50, and Santiago, 
to the definiteness which belongs to the better modern 
catalogues. What a simple matter the drawing of a curve 
of correction may become is illustrated by the following 
statement of observed values of /la^ cos 8, or z/8,, for six 
catalogues, selected as fair representatives of a large num- 
ber of the better class of modern catalogues. 

Observed Systematic Corrections. 





J 


d^cosS 






J8. 




8 


Wn. 76 


Strass. 86 


Lisb. 90 


Paris 60 Grw.80 Pulk.85 


o 

+ 77 


-!oi5 


+ !023 


-!016 


-!l6 


+ .02 


+.06 


70 


-.006 


-.015 


. . 


-.03 


+ .26 


-.03 


65 


-.004 


+ .025 


-.002 


+ .19 


+ .16 


+ .13 


60 


-.010 


+ .013 


+ .001 


-.01 


+ .25 


+ .01 


55 


-.019 


+ .016 


-.001 


+ .25 


+ .12 


+ .05 


50 


-.023 


+.011 


-.006 


+ .22 


+ .09 


+ .01 


45 


-024 


■+-.012 


-.006 


+ .06 


+.12 


+ .05 


40 


-.005 


+ .003 


-.008 


-.08 


-.05 


+ .09 


35 


+ .010 


-.001 


-.004 


-.25 


-.06 


+ .14 


30 


+.007 


-.002 


-.002 


-.16 


-.06 


+ .19 


25 


+ .011 


-.007 


-.005 


-.14 


+ .26 


+ .21 


20 


+ .008 


-.002 


-.001 


-.25 


+ .15 


+ .25 


15 


+.011 


-.008 


+.003 


-.27 


+ .29 


+ .25 


10 


+ .006 


-.008 


+ .006 


-.31 


+ .40 


+ .24 


+ 5 


-.009 


+ .005 


+ .002 


-.24 


+ .12 


+ .29 





-.007 


+ .010 


+ .006 


-.21 


-.02 


+ .18 


- 5 


-.012 


+ .012 


+ .007 


-.15 


+ .26 


+ .21 


10 


-.014 


+ .005 


-.008 


-.17 


+ .37 


+ .20 


15 


-.010 


+ .002 


-.006 


-.09 


+ .43 


+ .02 


20 


+ .007 


-.003 


-.008 


+ .11 


+ .50 


-.03 


-25 


+ .003 


-.003 


-.006 


+ .51 


+ .59 


, , 



The preceding table shows how small are likely to be 
the remaining systematic uncertainties in reducing a single 
star-catalogue to a given system of Standard Stars. The 
consequent inference would be that, in any future investi- 
gations involving the motions derived from thousands of 
stars, the degree of systematic accuracy attainable would 
practically be measured by that of the Standard Catalogue 
itself. Thus, aside from certain incidental reservations, 
connected with the magnitude-equation and similar points, 
the question whether systematic errors can be avoided in 
researches upon precession, solar motion, and the like, re- 
solves itself into the question, what degree of freedom from 
systematic error can be attained in the construction of 
extensive standard catalogues. The obvious advantage of 
this rests in the probability that a general discussion of 
stellar motions based upon the few large catalogues of 
observation would practically enjoy whatever of freedom 
from systematic error attaches to the mean of all the best 
observations ever made. 



In drawing the curves it is of very great importance 
that due regard be had for the weights of the observed 
quantities, and that constant errors, pertaining to compara- 
tively broad zones, be avoided. The latter requirement 
was kept constantly in mind. As an aid in the fulfillment 
of these requirements the means by weight of successive 
zones were formed in the combinations: -1-77% 70% 65°; 
-1-70% 65°, 60°; +65°, 60°, 55% etc. Thus, when these 
are plotted, we have a series of points, ^t intervals of 5°, 
each representing the mean observed correction for a zone 
15° in breadth. As a matter of fact, for nearly all the 
modern catalogues (and for the better part of the older) 
these means defined the curves very closely ; so that very 
little was left in doubt as to the true location of the curve 
at any point. Of course the maxima and minima points 
were less sharply indicated by the means of 15°-zones ; yet 
it was rarely deemed best to follow up sharper inflections 
apparently indicated by the 5°-means. The entire process, 
in its practical working, tends to inspire confidence in the 
reality and substantial accuracy of the principal features of 
curves, as indicated in Tables III and V. 

It may not be superfluous to call attention again to the 
object of systematic correction of meridian observations. 
The object of first importance is to obtain positions and 
motions of stars, in large numbers, which shall be, in the 
mean, as free as possible from the effects of systematic 
error. A secondary object is to secure greater accuracy in 
the computed position and motion of an individual star. 
Some computers seem to look upon this secondary purpose 
as the only one worth considering ; and they are apparently 
disappointed if each adopted systematic correction does 
not manifestly improve the accordance of the various cata- 
logues in each individual instance. From this point of 
view a systematic correction of O'^.l is certainly of no im- 
portance. But when we are considering stellar motions in 
large numbers for determination of the apex of solar mo- 
tion, for example, a systematic error of 0".l in the centen- 
nial motions might mean an error of more than one degree 
in the determination of the apex. In all such researches 
the casual errors of observation can be reduced to a role of 
minor importance by including a sufficient number of stars 
and by taking advantage of all the principal series of 
observations already on record. 

The Tables of Ja, and z/8, apply to the indiscriminate 
means of observations at upper and lower culminations, as 
printed in the respective catalogues. Doubtless, greater 
precison could have been reached through the separation 
of the two classes of observation. Except in a few cases, 
however, this separation would have been either impossible 
or impracticable. On the other hand, some effort has 
usually been exerted by the observers to bring observations 
at lower culmination into substantial harmony with those 
made at upper culmination ; and even where this has not 
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been accomplished we may still obtain a mean systematic 
correction by the treatment of the results indiscriminately. 

For Bradley 1755 (Auwkrs), St. Helena 1830, Cape 
1833, and Madras 1875, it has been assumed that gradu- 
ation errors form an important part of the systematic 
corrections required. The facts relative to Bradley's 
declinations have been set forth in A.J, 545 ; and relative 
to Cape 1833 (Henderson) in A J, 541. The particulars 
regarding Madras 1875 are given further on, in Note 17. 

Pulkowa 1855 is not included in Tables I, II and III, 
since it does not contain observed right-ascensions of the 
principal standard stars. Meanwhile, the correction of its 
right-ascensions may be assumed to be the mean between 
those applicable, respectively, to Pulkowa 1845 and Pulko- 
wa 1865, upon which it was based ; though this process 
may not yield a very accurate result. 

In general, no attempt has been made to ascertain the 
systematic corrections applicable to the various zodiacal 
catalogues, to annual results not collected in the form of 
a catalogue, to various catalogues of limited extent, and 
to certain modern catalogues that contain very few obser- 
vations of the principal stars. The requisite computations 
for ascertaining the systematic corrections of these various 
classes of catalogues can be attended to with much greater 
precision and economy of labor at a later stage of this 
investigation. 

Tables VI and VII contain, respectively, the computed 
weights for the right-ascensions and declinations of the 
various catalogues. In great part they remain as they 
were adopted in the final approximation for determination 
of the positions contained in the catalogue. For many of 
the catalogues of smaller weight, and especially for the 
more extensive catalogues, the weights have been revised 
since the computations for the catalogue. In nearly all 
cases the differences from the weights previously assumed 
were comparatively unimportant. 

The adopted unit of weight in right-asoeusion is sup- 
posed to correspond to a probable error of ± 0».020 sec 8 ; 
and in declination, to a probable error of ±0".30. 

In the preliminary stages of the work in right-ascension 
I have been much indebted to the valuable tables by Dr. 
AuwERS, A.N. 3615-16. In general, the weights for large 
numbers of observations are assumed to be less in the 
tables of this paper than in those of Auwers. The theo- 
retical factors by which the weights of Auwers should be 
multiplied in order to reduce them to the units of Tables 
VI and VII are 0.694 and 1.414, respectively. It has been 
considered advisable to regard ±0".l as a sort of limit of 
precision attainable in the determination of either co- 
ordinate of an individual star. Within this limit it is 
assumed that minute sources of error, beyond the skill of 
the observer to evade, may be at work, tending to reduce 
all observations of high class to one level of precision, 



however much one may apparently excel another in recog- 
nized sources of excellence. For the catalogues of a date 
later than 1885 the weights of the individual catalogues 
are largely the result of certain approximate assumptions 
regarding the weights of the Standard Catalogue. To 
have made the computations rigorously would have cost 
what seemed to be an unjustifiable amount of labor. 

The accuracy of the tables is greatest for the number of 
observations most frequently occurring. The most uncer- 
tain element is the rate of increase with number of obser- 
vations. The adopted formulas for computing the weights 
were: 

(±0'.020)« . - , 

/?, = ^ Y *^^ right-ascensions, and 

n 

(±0".30)« ^ ,. .. 
JO, = -^ for declinations. 

n 

In these n represents the -number of observations of a 
star, r represents the probable error of one observation, 
and Kr the probable error of an infinite number of obser- 
vations upon any one star. Extensive tables, in which K 
has values ranging from one to 0.067, permit the values of 
K and r to be determined with comparative ease when the 
material is sufficient. In general, these formulas can be 
regarded merely as approximations. In catalogues where 
the observations have been made in a variety of conditions, 
over a considerable period, or by several observers, it is not 
practicable to represent the probable errors by any simple 
formula. On the whole, it is believed that the method 
adopted leads to results for weight which are, beyond 
question, superior to any which can be assigned without 
computation, on the basis of a general judgment alone. 
Furthermore, it should be remembered that these weights 
cannot be regarded as the weights of the catalogue po- 
sitions as they stand ; they are the weights of the corrected 
positions ; and they take no account of the probable error 
of the corrections. 

The extension of the weights in right-ascension outside 
the equatorial zone is a process not practically capable of 
a high degree of accuracy in the result. For observations 
of transit by " eye and ear " the polar right-ascensions are 
usually more precise than those of a corresponding num- 
ber of observations in the equatorial zone. Sometimes this 
is the case when the transits have been registered on a 
chronograph. For catalogues in reference to which we 
may suppose that, either the collimation, or the polar 
deviation, have been badly determined, the weight may be 
decidedly less for stars of high declination, — as in the 
case of the two Madras Catalogues. In Table VI the 
weight is usually given for the equatorial zone, "Eq." 
Where it is also given for higher declinations it is intended 
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that interpolation shall be made from ± 30° (or ± 20**, if 
preferred) to the higher declination, without extrapolation 
from the highest declination to the pole. In the use of 
these weights it has been our practice to reduce them when 
observations of right-ascension have been made at a zenith- 
distance of 72% or greater ; or of declination, at a zenith- 
distance of 6o°, or greater, according to the following table 
of arbitrary factors. 



Factors for Weights. 



ZD 



R.A. Decl. 



ZD 



R.A. 



Decl. 



65 


1.0 


0.9 


66 


1.0 


0.9 


67 


1.0 


0.8 


68 


1.0 


0.8 


69 


1.0 


0.8 


70 


1.0 


0.7 


71 


1.0 


0.7 


72 


0.9 


0.6 


73 


0.9 


0.6 



74 


0.8 


0.5 


76 


0.8 


0.6 


76 


0.7 


0.4 


77 


0.7 


0.4 


78 


0.6 


0.3 


79 


0.6 


0.2 


80 


0.4 


0.1 


81 


0.26 


0.0 


82 


0.1 


0.0 



Occasionally this amount of diminution has been in- 
ferred from statements of probable error contained in the 
introduction to the respective catalogues. 



Some references to the peculiarities of individual cata- 
logues are contained in the series of articles upon the 
Standard Catalogue. Others will be found in the notes 
hereto appended, to which reference is made by numbers 
prefixed to the designation of individual star-catalogues in 
the tables. 



Table I. Magnitude-Equation. 



Magnitude 
Br. 1755 
Pi. 1800 
Grw. 15 
Dpt. 15 
Kgb. 15 

Kgb. 25 
Dpt. 30 
Cape 30 
St. H. 30 
Abo 30 

Grw. 30 
Carab. 30 
Cape 33 
1) Madr. 35 
Arm. 40 



2X.0 

+ .017 
+ .012 
+ .012 
+ .012 
+ .012 



3-.0 
+-.006 
+ .004 
+ .004 
+-.004 
+-.004 



4«.0 5X.0 
-.006 -.017 
-.004 -.012 
_.004 -.012 
_.004 -.012 
_.004 -.012 



6-.0 
-.028 
-.019 
-.019 
-.019 
-.019 



-h.018 +.006 -.006 -.018 -.029 

+ .017 +.006 -.006 -.017 -.028 

+-.012 +.004 -.004 -.012 -.019 

+ .012 +.004 -.004 -.012 -.019 

+ .017 +.006 -.006 -.017 -.029 

+ .016 +.005 -.005 -.016 -.026 

+ .008 +.003 -.003 -.008 -.014 

+.014 +.005 -.005 -.014 -.024 

+ .024 +.008 -.008 -.024 -.039 

+ .012 +.004 -.004 -.012 -.019 



7-.0 
-.040 
-.027 
-.027 
-.027 

— .027 

— .041 
-.040 
-.027 
-.027 
-.041 

-.036 
-.020 
-.033 
-.055 
-.027 



Table II. Systematic Corrections of the Form, Ja^. 



R.A. 



0»» 



Ih 



^ 



5»» 



6»» 



71, 



Bight- A scbnsion. 
8»» 9»> 10»» 



llh 



12'» 



Br. 1756 


-.075 


-.078 


-.081 


-.083 


-.086 


-.088 


-.089 


-.090 


-.090 


-.089 


-.087 


-.085 


-.083 


(Pi. 1800 


+ .100 


+ .101 


+ .103 


+ .107 


+ .111 


+ .116 


+ .120 


+ .125 


+ .129 


+ .132 


+ .135 


+.136 


+ .136 


tx(tai 


.8) 


+ .048 


+.024 


-.002 


-.028 


-.051 


-.072 


-.087 


-.096 


-.099 


-.095 


-.085 


-.069 


-.048 


Grw. 


16 


-.025 


-.022 


-.018 


-.015 


-.011 


-.007 


-.004 


-.002 


.000 


.000 


-.001 


-.002 


-.006 


4) Dpt. 


15 


+ .034 


+ .034 


+ .032 


+ .027 


+ .021 


+ .013 


+ .004 


-.006 


-.014 


-.021 


-.027 


-.032 


-.034 


Kgb. 


16 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


5) Kgb. 


20 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


Kgb. 


25 


+ .019 


+ .022 


+ .026 


+.030 


+ .033 


+ .036 


+ .038 


+ .039 


+ .040 


+ .039 


+ .037 


+ .036 


+ .032 


Dpt. 


30 


-.016 


-.014 


-.011 


-.010 


-.009 


-.009 


-.010 


-.611 


-.013 


-.016 


-.019 


-.022 


-.025 


Cape 


30 


+ .027 


+ .035 


+ .041 


-^.046 


+ .048 


+ .047 


+ .045 


+ .040 


+ .033 


+ .025 


+ .016 


+ .007 


-.001 


St.H. 


30 


-.065 


-.064 


-.062 


-.069 


-.066 


-.061 


-.046 


-.041 


-.036 


-.033 


-.030 


-.028 


-.027 


Ibo 


30 


+ .014 


+ .014 


+ .015 


+ .016 


+ .017 


+ .017 


+ .018 


+ .018 


+ .018 


+ .018 


+ .018 


+ .017 


+ .016 


Grw. 


30 


-.061 


-.063 


-.065 


-.067 


-.069 


-.070 


^.071 


-.071 


-.070 


-.069 


-.068 


-.066 


-.063 


Camb 


.30 


-.019 


-.020 


-.022 


-.023 


-.026 


-.027 


-.028 


-.030 


-.030 


-.031 


-.031 


-.030 


-.029 


Cape 


33 


+ .006 


+ .006 


+ .007 


+ .008 


+ .011 


+ .014 


+ .017 


+ .021 


+ .025 


+ .028 


+ .031 


+ .034 


+ .036 


Madr. 


36 


-.062 


-.057 


-.052 


-.047 


-.042 


-.038 


-.035 


-.033 


-.032 


-.033 


-.035 


-.038 


-.042 


Arm. 


40 


+ .045 


+ .046 


+ .047 


+ .049 


+ .060 


+ .052 


+.053 


+ .054 


+ .055 


+ .056 


+ .056 


+ .056 


+ .056 


Cape 


40 


-.001 


-.005 


-.007 


-.010 


-.012 


-.014 


-.015 


-.015 


-.015 


-.013 


-.011 


-.009 


-.006 


Grw. 


40 


+ .094 


+ .086 


+ .078 


+ .070 


+ .063 


+.058 


+.054 


+ .052 


+ .052 


+ .054 


+ .058 


+.064 


+ .071 


Grw. 


45 


+ .040 


+ .035 


+ .029 


+ .022 


+ .016 


+ .010 


+ .006 


+ .001 


-.001 


-.002 


-.001 


+ .002 


+ .006 


Rad. 


45 


+ .023 


+ .015 


+ .005 


-.007 


-.020 


-.034 


-.046 


-.057 


-.066 


-.072 


-.074 


-.073 


-.068 


Pulk. 


45 


+ .019 


+ .019 


+ .019 


+ .020 


+ .020 


+ .021 


+ .022 


+ .023 


+ .024 


+ .025 


+ .026 


+.026 


+ .027 


Paris 


45 


+ .027 


+ .025 


+ .023 


+ .021 


+ .019 


+ .018 


+ .017 


+ .017 


+ .017 


+.018 


+ .019 


+ .021 


+ .023 


Stgo. 


50 


+ .012 


+ .009 


+.007 


+ .004 


+ .001 


-.001 


-.004 


-.006 


-.007 


-.007 


-.007 


-.005 


— .004 


Grw. 


50 


+ .011 


+ .007 


+ .002 


-.003 


-.007 


-.011 


-.015 


-.017 


-.018 


-.018 


-.017 


-.015 


-.011 
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Table I. Magnitude-Equation. — 

Magnitude 2x.O 3".0 4X.0 6«.0 

Cape 40 | +.012 +.004 -.004 -.012 

Grw. 40 -.001 .000 .000 +.001 

Grw. 45 I +.001 .000 .000 -.001 

Rad. 45 I +.024 +.008 -.008 -.024 

Pulk. 45 +.008 +.003 -.003 -.008 



Paris 45 

Stgo. 50 

Grw. 50 

Cape 50 

Stgo. 55 



+ .007 +.00:^ -.002 -.007 

+ .018 +.006 -.006 -.018 

+ .007 +.002 -.002 -.007 

+ .012 +.004 -.004 -.012 

+ .012 +.004 -.004 -.012 



Cape 60 +.016 +.005 -.005 -.016 

Wn. 60 j +.009 +.003 -.003 -.009 

Grw. 60 I +.010 +.003 -.003 -.010 

Rad. 60 I +.019 +.006 -.006 -.019 

Stgo. 60 +.012 +.004 -.004 -.012 



Melb. 60 

Paris 60 

Grw. 64 

Gape 65 

Brs. 65 

Harv. 65 

Pulk. 65 

Melb. 70 



+ .014 +.005 -.005 -.014 

+.005 +.002 -.002 -.005 

+ .013 +.004 -.004 -.013 

+.020 +.007 -.007 -.020 

+ .006 +.002 -.002 -.006 



Cont 
6«.0 
-.020 
+ .002 
-.001 
-.040 
-.014 

-.012 
-.030 
-.012 
-.019 
-.019 

-.027 
-.015 
-.017 
-.032 
-.019 

-.023 
-.008 
-.022 
-.034 
-.010 



+.020 +.007 -.007 -.020 -.033 
+ .014 +.005 -.005 -.014 -.024 
+ .011 +.004 -.004 -.011 -.018 



! 
7».o i 
-.027 I 
+ .003 
-.002 
-.056 
-.019 

-.017 I 
-.042 
-.016 I 
-.027 I 

-.027 I 

-.038 
-.021 
-.024 
-.044 
-.027 

-.032 
-.012 
-.030 
-.047 
-.014 

—.046 
-.034 
-.026 



Table I. Magnitude-Equation. — 
Magnitude 2x.O S^c.O 4>'.0 5^.0 



Grw. 72 

l)Madr. 75 

Wn. 75 

Pulk. 75 

Harv. 75 

Cord. 75 

Paris 75 

Cape 80 

Melb. 80 

Grw. 80 

Pulk. 85 

Cape 85 

Stbg. 85 

Rad. 90 

Cape 90 

Mdn. 90 

Ber. 90 

Lisb. 90 

Grw. 90 

2) Pulk. 92 
Mt.H.95 

Ber. 95 

3) Alb. 98 



+ .014 +.005 -.005 -.014 

+ .015 +.005 -.005 -.015 

+ .013 +.004 -.004 -.013 

+ .008 +.002 -.002 -.008 

+ .010 +.003 -.003 -.010 

+ .015 +.005 -.005 -.015 

+ .007 +.002 -.002 -.007 



+.017 +.006 

+ .007 +.002 

+ .010 +.003 

+ .012 +.004 

+ .012 +.004 



.006 
.002 
.003 
.004 
.004 



+ .009 +.003 
+ .011 +.004 



+.019 +.006 
+ .005 +.002 



.003 
.004 

+ .019 +.006 -.006 
.006 
.002 



+ .012 +.004 - 
+ .009 +.003 - 
+ .012 +.004 - 



-.016 

-.011 

.000 



-.005 

-.004 

.000 



004 
003 
004 
005 
004 
000 



.017 
.007 
.010 
.012 
.012 

.009 
.011 
.019 
.019 
.005 

.012 
.009 
.012 
.016 
.011 
.000 



Cont. 
6«.0 
-.024 
-.024 

-.021 
-.012 
-.017 
-.024 
-.011 

-.028 
-.011 
-.016 
-.019 
-.020 

-.016 
-.019 
-.031 
-.032 
-.008 

-.020 
-.015 
-.019 
-.026 
-.019 
.000 



7».0 
.033 
.034 

.029 
.018 
.024 
.034 
.016 

.039 
.016 
.023 
.027 
.027 

.022 
.026 
.044 
.045 
.012 

.029 
.021 
.027 
.037 
.027 
.000 



R.A. 

Br. 1755 
(Pi. 1800 



Table II. Systematic Corbbctioks of the Form, Ja^. Riout-Asoension. 



1211 



12> 



14»» 



16^ 



16>» 



17h 



18»» 



19»» 



20»» 



21b 



22»« 



-'.083 -.080 -!077 -.075 -'.072 -'o70 -!o69 — .'o68 -!o68 -.069 -!o71 



28»» 



Ob 



+ .136 +.135 +.133 +.129 +.125 +.120 +.116 +.111 +.107 



.073 -.075 
+ .104 +.101 +.100 +.100 



tx(tan8) 


-.048 


-.024 


+.002 


+ .028 


+ .061 


+ .072 


+ .087 


+ .096 


+.099 


+ .096 


+ .086 


+.069 


+ .048 


Grw. 


16 


-.005 


-.008 


-.012 


-.015 


-.019 


-.023 


-.026 


-.028 


-.030 


-.030 


-.029 


-.028 


-.025 


4)Dpt. 


16 


-.034 


-.034 


-.032 


-.027 


-.021 


-.013 


-.004 


+ .005 


+ .014 


+ .021 


+ .027 


+ .032 


+ .034 


Kgb. 


16 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


-.082 


5)Kgb. 


20 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


-.034 


Kgb. 


26 


-(-.032 


+ .028 


+.025 


+.021 


+.018 


+ .015 


+.013 


+.012 


+ .011 


+ .012 


+ .013 


+.016 


+ .019 


Dpt. 


30 


-.025 


-.027 


-.030 


-.031 


-.032 


-.032 


-.031 


-.030 


-.028 


-.026 


-.022 


-.019 


-.016 


Cape 


30 


-.001 


-.009 


-.015 


-.020 


-.022 


-.021 


-.019 


-.014 


-.007 


+ .001 


+ .010 


+ .019 


+ .027 


St.H. 


30 


-.027 


-.028 


-.030 


-.033 


-.036 


-.041 


-.046 


-.061 


-.056 


-.059 


-.062 


-.064 


-.066 


Abo 


30 


+ .016 


+ .016 


+.014 


+ .013 


+ .013 


+ .012 


+ .012 


+ .011 


+ .011 


+ .012 


+ .012 


+ .013 


+ .014 


Grw. 


30 


-.063 


-.061 


-.069 


-.057 


-.055 


-.054 


-.053 


-.063 


-.054 


-.056 


-.056 


-.058 


-.061 


Gamb 


30 


-.029 


-.028 


-.027 


-.026 


-.023 


-.022 


-.020 


-.019 


-.018 


-.018 


-.018 


-.018 


-.019 


Cape 


33 


+ .035 


+ .035 


+ .036 


+.033 


+ .031 


+ .028 


+ .024 


+ .020 


+ .016 


+ .013 


+ .010 


+ .008 


+ .006 


Madr. 


35 


-.042 


-.047 


-.062 


-.057 


-.062 


-.066 


-.069 


-.071 


-.072 


-.071 


-.069 


-.066 


-.062 


Arm. 


40 


+ .055 


+ .054 


+ .053 


+ .051 


+ .050 


+ .048 


+ .047 


+ .046 


+ .046 


+ .044 


+ .044 


+ .044 


+ .046 


Cape 


40 


-.006 


-.003 


.000 


+ .003 


+ .005 


+ .007 


+ .008 


+ .008 


+.007 


+.006 


+ .004 


+ .002 


-.001 


Grw. 


40 


+ .071 


+ .079 


+ .087 


+ .094 


+ .101 


+ .107 


+ .111 


+.113 


+ .113 


+ .111 


+ .107 


+ .101 


+.094 


Grw. 


45 


+ .006 


+ .011 


+ .017 


+ .024 


+ .030 


+ .036 


+.041 


+ .045 


+.047 


+ .048 


+ .047 


+ .044 


+ .040 


Rad. 


45 


-.068 


-.060 


-.050 


-.038 


-.025 


-.012 


+ .001 


+.012 


+ .021 


+ .026 


+ .029 


+ .028 


+.023 


Pulk. 


45 


+ .027 


+ .027 


+ .026 


+ .026 


+ .025 


+ .024 


+ .023 


+ .022 


+ .021 


+.020 


+.019 


+.019 


+ .019 


Paris 


45 


+ .023 


+ .025 


+ .028 


+ .029 


+ .031 


+ .031 


+ .033 


+ .034 


+.033 


+ .032 


+ .031 


+ .029 


+ .027 


Stgo. 


50 


-.004 


-.001 


+.001 


+ .004 


+ .007 


+ .010 


+ .012 


+ .014 


+ .015 


•H.015 


+ .015 


+ .014 


+.012 


Grw. 


50 


-.011 


-.007 


-.003 


+ .002 


+ .007 


+ .011 


+ .014 


+ .017 


+ .018 


+ .018 


+ .017 


+ .014 


+ .011 
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Table II. Systematic Corrections of the Form, Ja.. Right- Ascension. — Cont. 



R.A. 

Cape 50 

Stgo. 55 

Cape 60 

Wn. 60 

Grw. 60 

( Rad. 60 
(X(tan8) 
Stgo. 60 
J Melb. 60 
(X(tana) 

Paris 60 

Grw. 64 

Cape 65 

( Brs. 65 

(X(tanS) 

Harv. 65 
Pulk. 65 
Melb. 70 
Grw. 72 
Madr. 75 

Wd. 75 

Pulk 76 

Karv. 75 

6) Cord. 75 

Paris 75 

Cape 80 

Melb. 80 

Grw. 80 

Pulk. 85 

Cape 85 

Stbg. S5 

Rad. 90 

Cape 90 

Mdn. 90 

Ber. 90 

Lisb. 90 
Grw. 90 

2) Pulk. 92 
Mt. H. 95 
Ber. 95 

3) Alb. 98 



o»» 

+!027 
+ .065 
+ .035 
+ .033 
+ .034 

+ .033 
+ .024 
+ .065 
+ .062 
+ .023 

+ .050 
+ .042 
-.013 
+ .068 
-.003 

-.033 
-.008 
+ .050 
+.039 
+ .042 

-.002 
-.003 
-.013 
+ .021 
+ .059 

+ .046 
+ .055 
+ .038 
+ .014 
+ .023 

+ .014 
+ .025 
+ .024 
+ .007 
+ .021 

+ .015 
+ .045 
+ .023 
+ .024 
+ .022 
.000 



Ih 

+ .026 
+ .057 
+ .031 
+ .026 
+ .032 

+ .029 
+ .021 
+ .057 
+ .053 
+ .028 

+ .045 
+ .039 
-.013 
+ .058 
+ .006 

-.037 
-.008 
+ .041 
+ .037 
+ .043 

-.003 
-.001 
-.012 
+ .012 
+ .052 

+ .044 
+ .052 
+ .037 
+ .015 
+ .020 

+ .014 
+ .024 
+ .023 
+ .007 
+ .020 

+ .014 
+ .045 
+ .022 
+ .024 
+ .022 
.000 



2h 

+!025 
+ .048 
+ .027 
+ .018 
+ .028 

+ .024 
+ .017 
+ .048 
+ .045 
+ .031 

+ .039 
+ .036 
-.013 
+ .047 
+ .015 

-.040 
-.007 
+ .032 
+ .034 
+ .044 

-.004 
.000 
-.011 
+ .002 
+ .044 

+ .042 

+ .047 
+ .036 
+ .016 
+ .017 

+ .014 
+ .023 
+ .021 
+ .006 
+ .019 

+ .014 
+ .045 
+ .021 
+ .023 
+ .021 
.000 



3»» 

+ .023 
+ .039 
+ .023 
+ .011 
+ .024 

+ .021 
+ .012 
+ .039 
+ .037 
+ .032 

+ .034 
+ .033 
-.012 
+ .036 
+ .023 

-.043 
-.006 
+ .023 
+ .031 
+ .046 

-.004 
+ .002 
-.010 
-.008 
+ .037 

+ .039 
+ .042 
+.034 
+ .018 
+ .014 

+ .014 
+ .021 
+ .020 
f.006 
+ .018 

4- .015 
+ .045 
+ .020 
+ .023 
+ .020 
.000 



4h 

+ .021 
+ .030 
+ .019 
+ .003 
+ .019 

+ .017 
+ .006 
+ .030 
+ .029 
+ .031 

+ .028 
+ .030 
-.012 
+ .027 
+ .029 

-.045 
-.005 
+ .014 
+ .028 
+ .047 

-.004 
+ .004 
-.008 
-.018 
+.029 

+ .036 
+ .036 
+ .033 
+ .019 
+.011 

+ .014 
+ .019 
+ .019 
+ .006 
+ .017 

+ .015 
+ .045 
+ .019 
+ .023 
+ .020 
.000 



5h 

+!oi9 
+ .023 
+ .016 
-.003 
+ .014 

+ .015 
-.001 
+ .023 
+ .022 
+ .027 

+.024 
+ .026 
-.012 
+ .018 
+ .033 

-.046 
-.004 
+ .007 
+ .025 
+ .049 

-.004 
+ .006 
-.006 
-.026 
+ .022 

+ .033 
+ .030 
+ .032 
+ .021 
+ .009 

+ .014 
+ .017 
+ .018 
+ .005 
+ .017 

+ 0.15 
+ .045 
+ .018 
+ .024 
+ .019 
.000 



6^ 

+ .016 
+ .016 
+ .013 
-.009 
+ .010 

+ .014 
-.007 
+ .016 
+ .018 

+ .022 

+ .020 
+ .024 
-.012 
+ .012 
+ .035 

-.045 
-.003 
+ .002 
+ .022 
+ .050 

-.004 
+ .008 
-.004 
-.033 
+ .017 

+ .031 
+ .024 
+ .032 
+ .023 
+ .008 

+ .014 
+ .014 
+ .017 
+ .005 
+ .016 

+ .015 
+ .045 
+ .017 
+ .024 
+ .018 
.000 



7h 

+!014 
+ .012 
+ .010 
-.013 
+ .006 

+ .014 
-.013 
+.012 
+ .015 
+ .015 

+ .017 
+ .022 
-.012 
+ .009 
+ .035 

-.043 
-.002 
-.001 
+ .020 
+.051 

-.003 
+ .009 
-.003 
-.037 
+ .013 

+ .028 
+ .019 
+ .031 
+ .024 
+ .008 

+ .014 
+ .012 
+ .016 
+ .005 
+ .016 

+ .016 
+ .045 
+ .017 
+ .025 
+ .018 
.000. 



+ .012 
+ .009 
+ .009 
-.014 
+ .003 

+ .016 
-.018 
+ .009 
+ .014 
+ .008 

+ .016 
+ .020 
-.012 
+ .008 
+ .032 

-.040 
-.002 
-.001 

+ .018 
+ .052 

-.002 
+.010 
-.001 
-.039 
+ .011 

+ .027 
+ .015 
+ .031 
+ .025 
+ .008 

+ .015 
+ .010 
+ .016 
+ .006 
+ .016 

+ .016 
+ .045 
+ .017 
+ .027 
+ .017 
.000 



9»» 

+*010 
+ .009 
+ .009 
-.014 
+ .002 

+ .018 
-.022 
+ .009 
+ .016 
-.001 

+ .016 
+ .020 
-.012 
+ .011 
+ .027 

-.037 
-.001 
+ .001 
+.017 
+.053 

-.002 
+ .010 
.000 
-.039 
+ .011 

+ .026 
+ .013 
+ .031 
+ .026 
+ .009 

+ .016 
+ .009 
+ .017 
+ .006 
+ .017 

+ .017 
+ .045 
+ .017 
+ .028 
+ .017 
.000 



10»» 

+ .009 
+ .012 
+ .009 
-.012 
+ .001 

+ .021 
-i)24 
+ X)12 
+ .020 
-.009 

+ .018 
+ .020 
-.011 
+ .015 
+ .020 

-.033 
-.001 
+ .005 
+.017 
+ .053 

-.001 
+ .010 
+ .001 
-.035 
+ .013 

+ .026 
+ .012 
+.031 
+ .026 
+ .010 

+ .016 
+ .008 
+ .017 
+ .007 
+ .017 

+ .017 
+ .045 
+ .018 
+ .029 
+ .017 
.000 



llh 

+ .009 
+ .016 
+ .011 
-.008 
+ .001 

+ .025 
-.025 
+ .016 
+ .025 
-.016 

+ .021 
+ .021 
-.011 
+ .023 
+ .012 

-.028 
-.001 
+.012 
+.017 
+ .052 

.000 
+ .009 
+.002 
-.030 

+ .017 

+ .026 
+ .012 
+.032 
+ .026 
+ .013 

+ .017 
+.008 
+ .018 
+ .007 
+ .018 

+ .017 
+ .045 
+.019 
+ .031 
+ .017 
.000 



12»» 

+'.009 
+ .023 
+ .014 
-.002 
+ .003 

+ .030 
-.024 
+ .023 
+ .032 
-.023 

+ .025 
+ .023 
-.011 
+ .032 
+ .003 

-.024 
-.002 
+ .020 
+ .019 
+ .052 

+ .001 
+ .008 
+ .002 
-.022 
+ .022 

+ .027 
+ .014 
+ .033 
+ .025 
+ .015 

+ .017 
+ .008 
+ .019 
+ .008 
+ .019 

+ .017 
+.045 
+ .020 
+ .032 
+ .018 
.000 



Table III. Systematic Corrections of the Form, Jag. Right-Ascension. 



Br. 1755 
Pi. 1800 
Grw. 15 
4)Dpt. 15 
Kgb. 15 



5)Kgb. 
Dpt. 
Cape 
St.H. 
Abo 



25 
30 
30 
30 
30 



J a, COS 8 

+85° +80° 

-.009 -.017 

+ .038 +.040 

.000 .000 

.000 +.003 

.000 -.002 



+80° 

-'099 
+ .230 
.000 
+ .017 
-.012 



+75° 

-.089 
+ .175 
.000 
+ .031 
-.019 



+70° 

-!075 
+ .161 
.000 
+ .035 
-.021 



+65° 

-'059 
+ .178 
-.001 
+ .028 
-.019 



+60° 

-.037 
+ .187 
-.005 
+ .016 
-.015 



+5»° 

-!009 
+ .167 
-.012 
+ .003 
-.007 



+50° 

+!006 
+ .132 
-.019 
-.009 
+ .002 



+45° 

+'012 
+ .100 
-.027 
-.019 
+ .009 



+40° 

+!oi4 
+ .093 
-.034 



+35° +30^ 

+ !013 +!012 

+ .0S7 +.079 

-.041 -.043 



+ .011 +.008 +.001 



.000 
+.001 


.000 
+.002 


.000 
+ .011 


.000 
+ .016 


.000 
+ .023 


.000 
+ .033 


-.003 
+ .037 


-.010 
+ .036 


-.022 
+ .033 


-.024 
+ .031 


-.016 
+ .029 


-.004 
+ .026 


+ .002 
+ .021 












+ .017 
+ .035 


+ .014 
+ .028 


+ .012 
+ .023 


+ .010 
+ .018 


+ .009 
+ .012 


+ .007 
+ .004 


+.006 


.000 


+ .003 


+ .020 


+ .046 


+ .049 


+ .043 


-.004 
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Tablb II. Systematic Corbectioms 


OF the 


FoBM, da.. Right- Ascension. - 


-Cont. 






K.A 


. 


12" 


I8i> 


14" 


15" 


16" 


17" 


18" 


19" 


20" 


21" 


22" 


23" 


0" 


Cape 


50 


+.009 


+ '010 


+!oii 


+ .013 


+!oi5 


+!oi7 


+!020 


+'.022 


+'024 


+!o26 


+*027 


+!027 


+'.027 


Stgo. 


55 


+ .023 


+ .031 


+ .040 


+ .049 


+ .068 


+ .066 


+ .072 


+ .076 


+ .079 


+.079 


+ .076 


+ .072 


+ .065 


Cape 


60 


+ .014 


+ .017 


+.021 


+ .025 


+ .029 


+ .033 


+ .036 


+ .038 


+ .039 


+ .040 


+ .039 


+ .037 


+ .035 


Wn. 


60 


-.002 


+ .005 


+ .012 


+ .020 


+ .028 


+ .034 


+ .040 


+ .043 


+ .045 


+ .045 


+ .043 


+ .039 


+ .033 


Grw. 


60 


+ .003 


+ .006 


+ .010 


+ .014 


+ .019 


+ .023 


•+.028 


+ .031 


+ .034 


+ .036 


+ .037 


+ .036 


+ .034 


i Had. 


60 


+ .030 


+ .034 


+ .039 


+ .043 


+ .046 


+ .048 


+ .049 


+ .049 


+ .047 


+ .045 


+ .042 


+ .038 


+ .033 


\X(tan8) 


-.024 


-.021 


-.017 


-.012 


-.006 


+ .001 


+ .007 


+ .013 


+ .018 


+ .022 


+ .024 


+ .026 


+ .024 


Stgo. 


60 


+ .023 


+ .031 


+ .040 


+ .049 


+ .068 


+ .066 


+ .072 


+ .076 


+ .079 


+ .079 


+ .076 


+ .072 


+ .065 


( Melb. 


60 


+ .032 


+ .041 


+ .049 


+ .068 


+.066 


+ .072 


+ .076 


+ .079 


+ .080 


+ .078 


+ .074 


+ .069 


+ .062 


tx(tan8) 


-.023 


-.028 


-.031 


-.032 


-.031 


-.027 


-.022 


-.015 


-.008 


+ .001 


+ .009 


+ .016 


+.023 


Paris 


60 


+ .025 


+ .030 


+ .036 


+ .041 


+ .047 


+ .051 


+ .055 


+ .058 


+ .059 


+ .059 


+ .067 


+ .064 


+ .060 


Grw. 


64 


+ .023 


+ .026 


+ .029 


+ .032 


+ .036 


+ .039 


+ .041 


+ .043 


+.045 


+ .046 


+ .045 


+ .044 


+ .042 


Cape 


65 


-.011 


-.011 


-.011 


-.012 


-.012 


-.012 


-.012 


-.012 


-.012 


-.012 


-.013 


-.013 


-.013 


( Brs. 


65 


+ .032 


+ .042 


+ .063 


+ .063 


+ .073 


+ .081 


+.087 


+ .090 


+ .091 


+.089 


+ .084 


+ .077 


+ .068 


tx(t»n8) 


+.003 


-.006 


-.015 


-.023 


-.029 


-.033 


-.036 


-.035 


-.032 


-.027 


-.020 


-.012 


-.003 


Har«. 


65 


-.024 


-.020 


-.016 


-.013 


-.012 


-.011 


-.012 


-.013 


-.016 


-.020 


-.024 


-.028 


-.033 


Pulk. 


65 


-.002 


-.002 


-.003 


-.004 


-.005 


-.006 


-.007 


-.008 


-.009 


-.009 


-.009 


-.009 


-.008 


Melb. 


70 


+ .020 


+.029 


+ .038 


+.047 


+ .056 


+ .063 


+ .068 


+ .071 


+ .071 


+ .069 


+ .065 


+ .068 


+ .060 


Grw. 


72 


+ .019 


+ .021 


+ .023 


+ .026 


+ .030 


+.033 


+.036 


+ .038 


+ .040 


+.041 


+ .041 


+ .040 


+ .039 


Madr. 


75 


+ .052 


+ .051 


+.049 


+ .048 


+ .046 


+ .045 


+ .043 


+ .042 


+.041 


+ .041 


+ .041 


+ .041 


+ .042 


Wn. 


76 


+.001 


+.001 


+ .002 


+.002 


+ .002 


+ .002 


+ .002 


+ .001 


+ .001 


.000 


-.001 


-.002 


-.002 


Pulk. 


75 


+ .008 


+ .006 


+.005 


+ .003 


+ .001 


-.001 


-.003 


-.004 


-.005 


-.005 


-.006 


-.004 


-.003 


Harv. 


75 


+ .002 


+ .001 


.000 


-.001 


-.003 


-.005 


-.007 


-.008 


-.010 


-.011 


-.012 


-.013 


-.013 


6) Cord. 


75 


-.022 


-.013 


-.003 


+ .007 


+ .017 


+ .026 


+ .032 


+ .036 


+ .038 


+.038 


+ .036 


+ .029 


+ .021 


Paris 


75 


+ .022 


+ .029 


+ .037 


+ .044 


+ .062 


+ .059 


+ .064 


+ .068 


+ .070 


+ .070 


+ .068 


+ .064 


+ .069 


Cape 


80 


+ .027 


+ .029 


+ .032 


+ .034 


+ .037 


+ .040 


+ .043 


+ .045 


+ .047 


+ .048 


+ .048 


+ .047 


+ .046 


Melb. 


80 


+ .014 


+ .017 


+ .021 


+ .027 


+ .033 


+ .039 


+ .044 


+ .049 


+ .053 


+ .056 


+.057 


+ .057 


+ .056 


Grw. 


80 


+ .033 


+ .034 


+ .035 


+ .036 


+ .037 


+ .038 


+ .039 


+ .040 


+ .040 


+ .040 


+.039 


+ .039 


+ .038 


Pulk. 


86 


+ .025 


+ .024 


+ .023 


+ .022 


+ .020 


+ .018 


+ .017 


+ .016 


+ .014 


+ .014 


+ .013 


+ .014 


+.014 


Cape 


85 


+ .015 


+ .018 


+ .021 


+ .024 


+ .027 


+ .029 


+ .030 


+ .030 


+ .030 


+ .029 


+.028 


+ .025 


+ .023 


Stbg. 


85 


+.017 


+ .017 


+.018 


+ .018 


+ .018 


+ .017 


+ .017 


+ .017 


+ .016 


+ .016 


+ .015 


+ .015 


+.014 


Rad. 


90 


+ .008 


+ .009 


+ .010 


+ .012 


+ .014 


+ .017 


+ .019 


+ .021 


+ .023 


+ .024 


+ .026 


+ .025 


+ .026 


Cape 


90 


+ .019 


+ .021 


+ .022 


+ .023 


+ .025 


+ .026 


+ .027 


+ .027 


+.027 


+ .027 


+ .026 


+ .026 


+ .024 


Mdn. 


90 


+ .008 


+ .008 


+ .009 


+ .009 


+ .009 


+ .010 


+ .010 


+ .010 


+ .009 


+ .009 


+ .008 


+ .008 


+ .007 


Ber. 


90 


+ .019 


+ .020 


+ .021 


+ .022 


+ .023 


+ .023 


+ .024 


+ .024 


+ .024 


+ .023 


+ .023 


+ .022 


+ .021 


Lisb. 


90 


+ .017 


+ .018 


+ .018 


+ .017 


+ .017 


+ .017 


+ .017 


+ .016 


+ .016 


+ .016 


+ .016 


+ .015 


+ .015 


Grw. 


90 


+ .045 


+ .045 


+ .045 


+ .045 


+ .045 


+ .045 


+ .046 


+ .045 


+ .045 


+ .046 


+ .045 


+ .046 


+ .045 


2) Pulk. 


92 


+ .020 


+ .021 


+ .022 


+ .023 


+ .024 


+ .025 


+ .026 


+ .026 


+ .026 


+ .026 


+ .025 


+ .024 


+ .023 


Mt. H. 95 


+ .032 


+ .033 


+ .033 


+ .033 


+ .033 


+.033 


+ .032 


+ .031 


+ .030 


+ .028 


+ .027 


+ .026 


+ .024 


Ber. 


95 


+ .018 


+ .018 


+ .019 


+ .020 


+.020 


+ .021 


+ .022 


+ .022 


+ .023 


+ .023 


+ .023 


+ .023 


+ .022 


3) Alb. 


98 


.000 


.000 


.000 


.000 


.000 


.000 


.000 


.000 


.000 


.000 


.000 


.000 


.000 



Br. 1756 


Pi. 1800 


Grw. 


15 


4) Dpt. 
Kgb. 


15 
15 


5) Kgb. 
Dpt. 
Cape 
St. H 


26 
30 
30 
30 


Abo 


30 



Table III. Systematic Corrections of the Form, Aa^, Right- Ascension. 

-f26° -f-20*' +15** +10° -fS*' —6° —10'' —15° —20° —26° —30" 

+ .009 +!005 -f-!001 -.002 -!o03 -!001 !000 -'.004 -!009 -!oi8 -!028 -!038 

-h.069 +.057 +.036 +.008 -.015 -.027 -.036 -.047 -.061 -.076 -.095 -.118 

-.040 -.034 -.022 -.006 +.009 +.021 +.028 +.031 +.034 +.039 +.046 +.068 

l.boV 1.013 -.014 -.010 1.002 +.009 +.014 +.012 +.005 1.004 1.017 \ . . 

+ .005 +.005 +.003 .000 -.003 -.006 -.009 -.012 -.015 -.019 -.023 . . . 

+ .013 +.007 +.003 .000 -.003 -.007 -.010 -.013 -.016 -.017 

000 -.002 -.008 -.017 -.017 -.010 -.001 +.007 +.015 +.021 

+ .006 +.004 +.004 +.003 .000 -.006 -.009 -.008 -.005 -.009 -.020 -.036^ 

-.008 -.007 -.006 -.005 -.002 +.002 +.006 +.010 +.013 +.015 
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Grw. 30 
Camb. 30 
Cape 
Madr 
Arm. 



Table III. Systematic Corrections of the Form, z^a^. Right-Ascension. — Cont. 



33 
35 
40 



Cape 40 

Grw. 40 

Grw. 45 

Rad. 45 

Pulk. 45 

Paris 45 

Stgo. 50 

Grw. 50 

Cape 50 

Stgo. 55 

Cape 60 

Wn. 60 

Grw. 60 

Rad. 60 

Stgo. 60 

Melb. 60 

Paris 60 

Grw. 64 

Cape 65 

Brs. 65 

Harv. 65 

Pulk. 65 

Melb. 70 

Grw. 72 

Madr. 75 

Wn. 75 

Pulk. 75 

Harv. 75 

6) Cord. 75 
Paris 75 

7) Cape 80 
Melb. 80 
Grw. 80 
Pulk. 85 
Cape 85 

Stbg. 85 

Rad. 90 

Cape 90 

Mdn. 90 

Ber. 90 

Lisb. 90 

Grw. 90 

2) Pulk. 92 
Mt.H. 95 
Ber. 95 

3) Alb. 98 



J a, COS 8 
+86° +80° 

!ooo !ooo 

.000 .000 


+80° 

.000 
.000 


+76° 

+ '003 
.000 


+70° 

+!oi8 

.000 


+65° 

+'.037 
.000 


+60° 

+!054 
.000 


+55° 

+'.052 
.000 


+50° 

+!040 
.000 


+45° 

+ !027 
.000 
+ .089 
+ .079 
-.014 

+ .069 
-.008 
-.011 
+ .021 
-.011 

+ .004 
+ .024 
+.002 
+ .056 


+40° 

+!oi8 

.000 
+ .079 
+ .067 
-.010 

+ .046 
-.008 
-.006 
+ .013 
-.012 

-.003 
+ .023 
-.003 
+ .032 


+86° 

+ '013 

.000 

+ 066 


-.025 
-.006 
-.010 
+ .001 

+ .008 


+.060 
.000 

-.032 
-.014 
-.010 
+ .003 

+ .008 


+ .343 
.000 

-.187 
-.081 
-.058 
+ .018 

+ .046 


+ .230 
-.017 

l.ioi 

-.093 
-.036 
+ .023 

+ .031 


+ .173 
-.033 

1.120 
-.088 
-.016 
+ .018 

+.023 


.+ .140 
-.040 

1.094 
-.076 
+ .006 
+ .011 

+ .026 


+ .117 
-.040 

-.063 
-.060 
+ .027 
+.002 

+ .027 


+ .102 
-.033 

1.033 
-.042 
+.035 
-.004 

+ .022 


+ .090 
-.021 

1.014 
-.025 
+ .031 
-.007 

+ .015 


+ .054 
-.010 

+ .035 
-.007 
-.006 
+ .011 
-.010 

-.007 
+ 023 


-.020 


-.025 


—.142 


-.108 


-.083 


-.058 


-.034 


-.012 


.000 


-.010 
+ 015 






































+ .021 
+ .010 
-.037 
+ .002 


+ 016 


.000 
-.006 
-.007 


.000 
-.007 
-.007 


.000 
-.039 
-.042 


-.003 
-.036 
-.036 


-.007 
-.037 
-.039 


-.014 
-.041 
-.045 


-.017 
-.046 
-.040 


-.016 
-.046 
-.025 


-.010 
-.044 
-.006 


+ .001 
-.040 
+ .004 


+ .013 
-.032 
-.003 




















-.026 
+ .014 
-.020 


024 


.000 
.000 


.000 
.000 


.000 
.000 


+ .012 
.000 


+ .023 
.000 


+ .024 
+ .005 


+ .017 
+ .008 


+.008 
+.006 


+ .007 
-.004 


+ .010 
-.013 


+ .013 
-.026 


+ .005 

-.008 
-.006 


-.010 

-.007 
-.007 


-.056 

-.041 
-.039 


-.093 

-.004 
-.032 


-.117 

+ .030 
-.029 


-.114 

+ .045 
-.024 


-.095 

+ .045 
-.020 


-.067 

+ .039 
-.017 


-.034 

+ .031 
-.018 


-.015 

+ .022 
— .022 


-.008 

+ .018 
-.022 
+ .011 
-.016 
+ .022 

-.010 
-.012 
+ .003 


-.007 

+ .016 
-.019 
+ 010 


+ .010 

+ .001 
-.003 
-.002 


+.010 
-.047 

-.003 
-.009 
-.002 


+ .058 
-.273 

-.019 
-.062 
-.014 


+ .039 
-.141 

-.023 
-.051 
-.013 


+.028 
-.075 

-.021 
-.039 
-.011 


+ .016 
-.035 

-.018 
-.024 
-.004 


+ .008 
-.007 

-.023 
-.015 
+.005 


+ .007 
+ .013 

-.034 
-.014 
+ .007 


+ .006 
+ .024 

-.035 
-.014 
+ .003 


-.003 
+ .027 

-.026 
-.013 
+.003 


-.020 
+ .014 

+ .006 
-.012 
+.006 
















.000 


+ .017 


+ .022 

+ .010 
+ .003 
-.009 
-.004 
-.016 

+ .005 
-.013 
+.016 
+ .006 
-.026 

-.008 
-.007 
—.018 
-.008 
-.015 
.000 


+ .017 
















+ .006 




















+ .006 


+ .009 
.000 


+ .009 
.000 


+ .051 
.000 


+ .032 
-.016 


+ .023 
-.019 


+ .019 
-.016 


+ .011 
-.007 


+.003 
+ .002 


-.003 
+ .003 


-.006 
-.002 
-.016 

+ .010 
-.008 
+ .020 
+ .007 
-.026 

-.009 
-.008 
-.018 


-.009 
-.001 
— .016 


+ .001 


+ .004 
+ .039 


+ .024 
+ .225 


+ .038 
+ .144 


+ .042 
+ .095 


+ .038 
+ .053 


+ .032 
+ .022 


+ .025 
+ .005- 


+ .017 
-.005 


.000 
-.022 
+ .013 


+ .001 
-.006 


+ .003 
-.006 


+ .019 
-.036 


+ .022 
-.027 


+ .029 
-.023 


+ .031 
-.022 

.000 
+ .014 
-.011 


+ .026 
-.022 

-.004 
-.004 
-.015 


+ .019 
-.023 

-.006 
-.016 
-.017 


+ .011 
-.025 

-.009 
-.015 
-.018 


+ .008 
-.023 

—.007 


-.002 

.000 

+ .013 


+.004 

.000 

+ .015 

+ .012 


+ .023 

.000 

+ .086 

4.069 

.000 


+ .030 
-.002 
+ .064 
+ .041 
.000 


+ .027 
-.006 
+ .054 
+ .020 
.000 


-.006 

-.018 

.000 




+ .006 
.000 


-.004 
.000 


-.010 
.000 


-.016 
.000 


-.017 
.000 


-.013 
.000 



+*014 
+ .004 
H-.052 
+ .041 
-.009 

+ .024 
-.007 
-.009 
+ .017 
-.008 



+ .022 
-.013 
+ .003 
+ .035 

+ .009 
+ .010 
-.026 
-.006 
+ .035 

-.020 
+ .008 
-.024 
+ .019 
-.009 

+ .016 
-.012 
+ .009 
-.018 
+ .006 

+ .011 
-.012 
+ .007 
-.012 
+ .009 

+ .003 
+ .007 
-.008 
-.001 
-.015 

-.003 
-.026 
+ .009 
+ .009 
-.018 

-.005 
-.006 
-.016 
+ .005 
-.011 
.000 
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Table III. Systematic Gorrbotions of the Fobm, z^oe^. Right- Ascension. — Cont. 



Grw. 30 
Camb. 30 
Cape 33 
Madr; 35 
Arm. 40 



Cape 40 

Grw. 40 

Grw. 45 

Rad. 45 

Pulk. 45 

Paris 45 

Stgo. 50 

Grw. 50 

Cape 50 

Stgo. 55 



Jaa 



Stbg. 85 

Rad. 90 

Cape 90 

Mdn. 90 

Ber. 90 

Lisb. 90 

Grw. 90 

2) Pulk. -92 
Mt. H. 95 
Ber. 95 

3) Alb. 98 



-1-26'' 

-f-!020 
-h.009 
+.034 
+ .031 
-.009 

+ .012 
-.008 
-.008 
+ .022 
-.006 

-.006 
+ .022 
-.012 
-.006 
+ .025 



+20^ +16'^ 



Cape 


60 


+ .002 


Wn. 


60 


+ .006 


Grw. 


60 


-.020 


Rad. 


60 


-.004 


Stgo. 


60 


+ .025 


Melb. 


60 


-.013 


Paris 


60 


+ .003 


Grw. 


64 


-.018 


Cape 


66 


+ .009 


Brs. 


66 


-.009 


Harv. 


66 


+ .014 


Pulk. 


66 


-.004 


Melb. 


70 


+ .009 


Grw. 


72 


-.012 


Madr. 


75 


+ .002 


Wn. 


75 


+.012 


Pulk. 


75 


-.011 


Harv. 


75 


+ .006 


6) Cord. 


75 


-.003 


Paris 


75 


+ .006 


7) Cape 


80 


+ .001 


Melb. 


80 


+ .009 


Grw. 


80 


-.006 


Pulk. 


86 


-.006 


Cape 


85 


-.012 



-.005 
-.026 
+ .004 
+ .008 
-.013 

-.002 
-.006 
-.011 
+ .007 
-.009 
.000 



+ .018 
+ .013 
+ .015 
+ .023 
-.008 



-.001 
+.019 
-.008 
-.010 
+ .016 

-.006 
+ .003 
-.013 
+.002 
+ .016 

-.005 
+ .003 
-.008 
-.002 
-.008 

+ .012 
.000 
+.008 
-.006 
+.002 

+.010 
-.005 

+.004 
+ .002 
+ .005 

-.001 
+ .008 
-.003 
-.008 
-.008 

-.006 
-.023 
+ .001 
+ .006 
-.008 

.000 
-.004 
-.004 
+ .008 
-.007 

.000 



+ .013 
+ .008 
+ .003 
+ .014 
-.007 



-.001 -.016 

-.008 -.008 

-.004 +.002 

+.024 +.019 

-.003 .000 



+ .003 
+ .013 
-.002 
-.008 
+ .008 

-.008 
+ .001 
-.006 
+ .011 
+ .008 

-.002 
+ .003 
-.001 
-.008 
-.008 

+ .009 
+ .003 
+ .007 
-.001 
-.001 

+ .007 
.000 
+ .002 
+ .003 
+ .005 

-.003 
+ .002 
.000 
-.006 
-.003 

-.006 
-.019 
+ .001 
+.002 
-.004 

+ .002 
-.002 

.000 
+ .007 
-.004 

.000 



+10° 

+!006 
-.002 
-.005 
+ .006 
.000 

-.019 
-.005 
+ .005 
+ .004 
+ .003 

+ .004 
+ .005 
+.001 
-.003 
+ .002 

-.004 

.000 

.000 

+ .017 

+ .002 

.000 
+ .003 
+.003 
-.013 
-.005 

+ .004 
+ .005 
+ .002 
+ .002 
-.006 

+ .002 
+ .004 
.000 
+ .002 
+ .004 

-.003 
-.006 
+ .002 
-.003 
-.002 

-.003 

-.013 

.000 

.000 

.000 

+ .004 
.000 
+ .004 
+.004 
+ .002 
.000 



^+6<» 

-!002 
-.007 
-.009 
-.001 
+ .005 

-.014 
+ .002 
+ .006 
-.017 
+ .005 

+ .003 
-.004 
+ .002 
+ .006 
-.005 

.000 
-.002 
+ .006 
+ .018 
-.005 

.000 
+ .001 
+ .008 
-.014 
-.002 

-.001 
+ .007 
-.004 
+ .006 
-.010 

-.005 
+ .009 

.000 
-.003 

.000 

-.003 
-.011 
+.004 
+ .001 
-.003 

+ .003 
-.006 
-.004 
-.002 
+ .004 

+ .005 
-h.OOl 
+ .005 
-.001 
+ .006 
.000 



—10° —16° —20° —25° 



-.009 
-.006 
-.012 
-.009 
+ .001 

-.004 
+ .008 
+ .003 
-.023 
+.005 

+ .001 
-.012 
+ .004 
+.008 
-.010 

+ .004 
-.003 
+.011 
+.013 
-.010 

.000 
-.003 
+ .011 
-.012 
+ .001 

-.007 
+ .011 
-.008 
+ .009 
-.010 

-.010 
+ .012 
-.001 
-.004 
-.004 

.000 
-.012 
+ .005 
+ .004 
-.003 

+ .009 
+ .004 
-.006 
-.004 
+ .008 

+ .004 
+ .002 
+ .005 
-.005 
+ .008 
.000 



-.017 
.000 
-.014 
-.018 
-.002 

+.003 
+ .012 
+ .002 
-.020 
+ .003 

+ .001 
-.018 
+ .007 
+.007 
-.015 

+ .008 
-.004 
+ .013 
+ .001 
-.015 

+ .004 
-.006 
+ .011 
-.007 
+.004 

-.010 
+ .008 
-.010 
+ .008 
-.004 

-.012 
+ .010 
-.005 
+.001 
-.009 

+ .004 
-.008 
+ .005 
+ .006 
+ .001 



-.021 
+.001 
-.013 
-.027 
-.001 

+ .007 
+ .014 
+ .002 
-.015 
.000 

+ .002 
-.021 
+ .008 
+ .003 
-.018 

+ .006 
-.003 
+ .014 
-.008 
-.018 

+ .008 
-.007 
+.010 
.000 
+ .007 

-.009 
+ .001 
-.010 
+ .003 
+ .001 

-.011 
+ .004 
-.008 
+ .009 
-.010 

+ .010 
.000 
+ .003 
+.004 
+ .007 



-.026 
-.001 
-.011 
-.038 
+.005 

'+.009 
+ .015 
+ .002 
-.015 
+ .002 

+ .001 
-.023 
+ .008 
.000 
-.020 

-.003 
-.002 
+ .012 
-.017 
-.020 

+ .008 
-.008 
+ .004 
+ .012 
+ .015 

-.012 
-.006 
-.009 
.000 
+ .004 

-.006 
.000 
-.006 
+ .013 
-.007 

+ .017 
+ .014 
+ .001 
+.004 
+ .016 



-.029 
-.006 
-.005 
-.049 
+ .010 

+ .009 
+.011 
-.001 
-.021 

+.008 

-.004 
-.025 
+ .006 
.000 
-.021 

-.003 
+ .002 
+ .007 
-.028 
-.021 

+ .005 
-.012 
.000 
+ .028 
+ .021 

-.021 
-.010* 
-.008 
.000 
+.006 



-.031 
-.013 
+.001 
-.057 
+ .012 

+.009 
-.002 
-.009 
-.029 
+ .018 

-.004 
-.027 
+ .005 
.000 
-.028 

+ .003 
+ .007 
+ .004 
-.040 
-.028 

.000 
-.019 

.000 
+ .044 
+ .021 



-.003 

.000 . . . 

-.001 +.007 

+ .015 +.012 

-.002 .000 



+ .026 
+ .029 
+ .001 
+ .004 
+ .024 



+ .034 
+ .040 
+ .001 

+ .03*1 



—30° 

-.035 
-.019 
+ .004 
-.062 
+ .014 

+ .008 
-.020 
-.021 



.000 
-.033 
+ .004 
-.006 
-.044 

+.017 
+ .012 
+ .002 
-.052 
-.044 

-.005 
-.023 
.000 
+.048 
+.012 



-.033 -.046 

l.bo'8 1.007 

.000 .000 

+.013 +.024 



004 -.009 



+ .017 
+ .004 



+ .040 
+ .049 
+ .001 

+ .033 



-t-.008 +.005 +.002 -.002 -.007 -.010 

+ .019 +.040 +.058 +.076 +.096 +.118 

-.006 -.005 .000 +.008 +.019 +.028 

-.007 -.009 -.011 

+ .012 +.015 

+ .001 -.003 -.006 -.007 -.007 -.007 

+ .004 +.007 +.009 +.010 +.010 +.007 

+ .004 +.002 -.002 -.009 

-.008 -.010 -.012 -.014 -.012 -.009 

+ .009 +.011 +.013 +.016 +.017 . . . 

.000 .000 .000 .000 .000 .000 
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Pi. 1900 
Cape 30 
St.H. 30 
Cape 33 
Madr. 35 



Cape 
Stgo. 
Cape 
Stgo. 
Cape 



40 
50 
50 
55 
60 



Table III. Ja, 



—30° 

-!ll8 
+ .021 
-.036 
+ .004 
-.062 

+ .008 
-.033 
-.006 
-.044 
+ .017 



— 86*» 

-.'l51 

+ .027 
-.045 
+ .004 
-.066 

+ .007 
-.044 
-.026 
-.073 
+ .030 



South op —30** 

Jcu 



OP Declination. Right- Ascension. — Cont. 



—40° 

-!l92 
+ .033 
-.052 
000 
-.071 

+ .009 
-.052 
-.061 
-.093 
+ .039 



-45° 

-!241 
+ .043 
-.060 
-.005 
-.076 

+ .011 
-.056 
-.075 
-.100 
+ .044 



—50° 

8 



—55° 

8 



—60° 

■ 



—66° 

■ 



—70° 

■ 



-75° 



—80° 

8 



—80° -85° 



+ .059 +.077 +.094 +.111 +.137 +.181 +.271 

-.070 -.082 -.098 -.116 -.143 -.189 -.282 

-.009 -.010 -.008 -.003 000 000 000 

-.084 -.094 -.108 -.128 



+ .016 
-.054 
-.072 
-.093 
+ .051 



+ .021 
-.042 
-.040 
-.046 
+ .059 



+ .026 
-.032 
-.012 
-.018 
+ .060 



+ .031 
-.018 
000 
-.005 
+ .046 



+ .038 

+ .002 

000 

000 

+ .030 



+ .050 +.075 

+ .026 +.059 

000 000 

000 000 

+ .018 +.010 



Wn. 60 +.012 +.018 +.024 000 000 

Stgo. 60 -.044 -.073 -.093 -.100 -.093 -.046 -.018 

Melb. 60 -.005 -.010 -.016 -.024 -.032 -.039 -.039 

Cape 65 +.048 +.046 +.030 +.021 +.025 +.046 +.082 



-.005 000 000 000 
-.027 +.008 +.043 +.071 
+ .109 +.123 -H.113 +.102 



+ .047 

-.049 

.000 



.000 



+ .013 +.013 

+ .010 . . . 

.000 .000 

.000 .000 

+.002 +.001 



.000 .000 
+ .012 +.007 
+ .018 +.010 







Tablb IV. Ststbhatic Cobrections 


OP THE Form 


, ^8.. 


Declination. 












Oh 


l* 


21. 


S*- 


4" 


6" 


d" 


7h 


81> 


9k 


10* 


11" 


12" 


8) Br. 


1756 N. 


-.30 


-.27 


-.22 


-.16 


-.08 


00 


+ .08 


+ !l6 


+^22 


+ .27 


+.30 


+ .32 


+ .30 




S. 


+ .02 


-.08 


-.14 


-.13 


-.09 


+ .01 


+ .13 


+ .22 


+ .27 


+ .26 


+ .17 


+ .03 


-.12 


Pi. 


1900 


-.11 


+.06 


+ .20 


+ .33 


+ .46 


+.63 


+ .68 


+.69 


+.56 


+ .49 


+.39 


+ .26 


+.11 


Grw. 


15 


-.09 


-.07 


-.04 


-.02 


+ .02 


+ .04 


+ .07 


+ .09 


+ .11 


+ .11 


+ .11 


+ .10 


+ .09 


KRb. 


20 


+ .06 


-.02 


-.09 


-.16 


-.21 


-.26 


-.27 


-.27 


-.26 


-.23 


-.18 


-.12 


-.05 


Bb. 


26 


-.08 


+.07 


+ .22 


+ .34 


+ .46 


+ .63 


+ .67 


+ .57 


+.63 


+ .46 


+ .36 


+ .22 


+.08 


9) Dpt. 


30 


-.02 


+ .02 


+ .06 


+ .09 


+ .12 


+.14 


+ .16 


+ .16 


+ .14 


+ .12 


+ .09 


+ .06 


+ .02 


Abo 


30 


-.12 


-.06 


+ .02 


+ .09 


+ .16 


+ .21 


+ .26 


+ .27 


+ .28 


+ .26 


+ .23 


+ .18 


+ .12 


Cap« 


30 


+ .06 


+ .12 


+ .17 


+ .21 


+ .24 


+ .25 


+ .24 


+ .22 


+ .18 


+ .13 


+ .07 


00 


-.06 


Grw. 


30 


+ .08 


+ .12 


+.16 


+.17 


+.18 


+ .18 


+ .16 


+ .13 


+.10 


+ .06 


+ .01 


-.04 


-.08 


St. H. 


30 


+ .60 


+ .46 


+.39 


+ .30 


+ .18 


+.06 


-.08 


-.20 


-.32 


-.41 


-.47 


-.60 


-.60 


Cape 


33 


-.16 


-.17 


-.17 


-.16 


-.13 


-.10 


-.06 


-.02 


+ .03 


+ .07 


+.11 


+ .14 


+ .16 


Camb. 


30 


-.19 


-.17 


-.14 


-.11 


-.06 


-.01 


+ .04 


+ .09 


+ .13 


+ .16 


+ .19 


+ .19 


+ .19 


10) Madr. 


36 


-.08 


-.11 


-.16 


-.20 


-.24 


-.26 


-.21 


-.13 


-.02 


+ .11 


+ .23 


+ .32 


+ .36 


Gape 


40 


+ .01 


00 


00 


-.01 


-.01 


-.02 


-.02 


-.02 


-.02 


-.02 


-.02 


-.02 


-.01 


Grw. 


40 


-.17 


-.18 


-.17 


—.16 


-.13 


-.09 


-.05 


00 


+ .04 


+ .08 


+ .12 


+ .16 


+ .17 


Grw. 


46 


-.06 


-.06 


-.04 


-.03 


-.01 


00 


+ .02 


+ .04 


+ .04 


+ .06 


+ .06 


+ .06 


+ .06 


Arm. 


40 


-.07 


-.02 


+ .03 


+ .08 


+ .12 


+ .16 


+ .19 


+ .20 


+ .20 


+ .18 


+ .16 


+ .12 


+ .07 


11) Rad. 


46 


+ .05 


+ .03 


00 


-.02 


-.04 


-.06 


-.08 


-.09 


-.09 


-.09 


-.08 


-.07 


-.06 


Pulk. 


46 


+ .07 


+ .06 


•+.06 


+ .03 


+ .01 


-.01 


-.03 


-.05 


-.06 


-.07 


-.08 


-.08 


-.07 


Paris 


46 


-.07 


-.07 


-.07 


-.07 


-.06 


-.06 


-.03 


-.01 


+.01 


+ .03 


+ .06 


+ .06 


+ .07 


Stgo. 


60 


-.21 


-.16 


-.08 


-.01 


+.07 


+ .14 


+ .20 


+ .26 


+ .28 


+ .29 


+ .28 


+ .26 


+.21 


Grw. 


50 


-.07 


-.08 


-.08 


-.07 


-.06 


-.06 


-.03 


-.01 


+ .01 


+ .03 


+ .06 


+ .06 


+ .07 


12) Cape 


60 


-.03 


-.08 


-.12 


-.16 


-.17 


-.18 


-.18 


-.17 


-.14 


^.11 


-.06 


-.02 


+ .03 


Stgo. 


66 


-.04 


-.10 


-.16 


-.19 


-.22 


-.24 


-.24 


-.22 


-.18 


-.14 


-.09 


-.03 


+ .04 


Pulk. 


66 


+ .03 


+ .03 


+ .04 


+ .04 


+ .03 


+ .03 


+ .02 


+ .01 


00 


-.01 


-.02 


-.02 


-.03 


13) Wn. 


60 

-20» 


-.07 


-.10 


-.12 


-.13 


-.14 


-.13 


-.12 


-.10 


-.07 


-.04 


00 


+ .04 


+ .07 




.00 


00 


00 


00 


00 


00 


00 


00 


00 


00 


00 


00 


00 


Grw. 


60 


+ .01 


+ .02 


+ .03 


+.04 


+ .05 


+ .06 


+ .06 


+ .04 


+ .04 


+ .03 


+ .02 


00 


-.01 


Bad. 


60 


+ .08 


+ .06 


+ .02 


-.01 


-.05 


-.08 


-.10 


-.12 


-.13 


-.13 


-.12 


-.10 


-.08 


Cape 


60 


+ .03 


+ .06 


+ .08 


+ .10 


+ .11 


+ .11 


+.11 


+ .10 


+ .08 


+ .06 


+ .03 


00 


-.03 


Paris 


60 


-.08 


-.04 


00 


+ .04 


+ .08 


+ .11 


+ .14 


+ .16 


+ .16 


+ .16 


+ .14 


+ .11 


+.08 


Stgo. 


60 


-.24 


-.24 


-.22 


-.19 


-.16 


-.10 


-.04 


+ .03 


+ .09 


+ .14 


+ .18 


+.22 


+.24 


Melb. 


60 


-.09 


-.04 


-.04 


-.07 


-.13 


-.17 


-.17 


-.11 


00 


+ .16 


+ .33 


+.47 


+ .65 


Grw. 


64 


+ .04 


+ .03 


+ .02 


+ .01 


00 


-.01 


-.02 


-.03 


-.04 


-.04 


-.04 


-.04 


-.04 
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S0T7TH OF —30 


' OF Declination. Biout-Ascbnsion. — Cont. 
















Ja, 
















Ja, cos 8 




— 80» 


—35° 


-40° 


-46° 


—50° 


-66° 


—60° —66° — 


70° 


-76° 


-80° 


—80° 


—86° 




• 


• 


• 


• 


8 


• 


• 


■ 


• 




■ 


• 


• 


• 


Harv. 65 


-.046 


-.062 




• • . 


, , 


• • . 


, , 


. • 


• • • 


, , 


• . ■ 


, , 


• • . 


■ . ■ 


Melb. 70 


-.007 


-.005 


-.004 


-.006 


-.011 


-.019 


-.032 -.044 -. 


057 - 


.071 - 


-.089 


-.015 


-.Oil 


Madr. 75 


+ .024 


+ .034 


+ .039 


+ .038 


+ .031 


+ .017 


-.007 -.038 . . 


, , 


• . • 


, , 


... 


• • • 


Wn. 75 


-.009 


-.016 


-.023 


(-.030) 


. . . 


. . . 


, , 


• • • 


• • • 


, , 


• . . 


, , 


• • • 


• • • 


Harv. 76 


+ .017 


+ .026 


. . . 


. . . 


. . . 


• • . 


• • 


. . . 


. . . 


• • 


. . . 


• • 


. . . 


. . . 


6) Cord. 76 


+ .004 


-.010 


-.020 


-.024 


-.026 


-.026 


-.027 -.028 -.< 


023 - 


.010 


000 


.000 


.000 


7) Cape 80 j 


+ .040 


+ .045 
+ .014 


+ .024 


+ .034 
+ .053 


+.068 


+ .066 
-.029 


-^2^ -.003 -■ 


()03 ~ 


.003 
.018 " 


.026 


-.005 


-.005 


Melb. 80 


+ .049 


+ .064 


+ .056 


+ .053 


+ .047 


+ .029 


+ .008 -.011 -. 


025 - 


.035 - 


-.048 


-.008 


-.008 


Cape 86 


+.033 


+ .030 


+ .028 


+ .026 


+ .023 


+ .018 


+ .014 +.009 +.003 


000 


000 


.000 


.000 


atrb. 86 


-.010 


-.017 
























• • • 


Cape 90 


+ .028 


+ .034 


+.038 


+ .039 


+.039 


+ .038 


+ .037 +.037 +.035 +.036 +.040 


+.'ooV 


+ .006 


Mt.H.96 


-.009 


-.004 


+.006 


• • « 


. . . 


. . . 


. . 




. 


, , 


. . 


^ , 


. . . 


. • • 


3) Alb. 98 


000 


000 


000 


• • • 


• • • 


. . . 


• • 




. . . 


• . 


. . . 


• • 




. . . 






Table IV. Ststematio Cobrections 


OP THE Form, JB,, 


Declination. 












12" 


IS" 


14h 


16" 


16" 


17h 


18" 


19b 


20»> 


21»> 


22^ 


2«" 


0»> 






t 


W 


f 


f 


ff 


f 


§ 


# 


§ 


f 


§ 


f 


• V 


8) Br. 1755 N. 


+ .30 


+ .27 


+ .22 


+ .16 


+ .08 


.00 


-.08 


-.16 


-.22 


-.27 


-.30 


-.32 


-.30 




S 


-.12 


-.25 


-.34 


-.35 


-.29 


-.18 


-.03 


+ .11 


+ .21 


+ .24 


+ .21 


+ .13 


+ .02 


Pi. 


1800 


+.11 


-.05 


-.20 


-.33 


-.45 


-.53 


-.58 


-.59 


-.65 


-.49 


-.39 


-.25 


-.11 


Grw. 


16 


+ .09 


+.07 


+.04 


+ .02 


-.02 


-.04 


-.07 


-.09 


-.11 


-.11 


-.11 


-.10 


-.09 


Kgb. 


20 


-.05 


+ .02 


+ .09 


+ .16 


+ .21 


+ .25 


+ .27 


+ .27 


+ .26 


+ .23 


+.18 


+.12 


+ .05 


Bb. 


25 


+ .08 


-.07 


-.22 


-.34 


-.45 


-.53 


-.67 


-.57 


-.63 


-.46 


-.36 


-.22 


-.08 


9) Dpt. 


30 


+ .02 


-.02 


-.06 


-.09 


-.12 


-.14 


-.15 


-.16 


-.14 


-.12 


-.OS 


-.06 


-.02 


Abo 


30 


+ .12 


+ .05 


-.02 


-.09 


-.16 


-.21 


-.25 


-.27 


-.28 


-.26 


-.23 


-.18 


-.12 


Cape 


30 


-.06 


-.12 


-.17 


-.21 


-.24 


-.25 


-.24 


-.22 


-.18 


-.13 


-.07 


.00 


+.06 


Grw. 


30 


-.08 


-.12 


-.15 


-.17 


-.18 


-.18 


-.16 


-.13 


-.10 


-.06 


-.01 


+.04 


+ .08 


St. H. 


30 


-.50 


-.46 


-.39 


-.30 


-.18 


-.05 


+.08 


+.21 


+ .32 


+ .41 


+.47 


+.50 


+ .50 


Cape 


33 


+ .16 


+ .17 


+ .17 


+ .16 


+ .13 


+.10 


+.06 


+.02 


-.03 


-.07 


-.11 


-.14 


-.16 


Camb. 


30 


+ .19 


+ .17 


+ .14 


+ .11 


+ .06 


+ .01 


-.04 


-.09 


-.13 


-.16 


-.18 


-.19 


-.19 


10) Madr. 


36 


+ .36 


+ .35 


+ .30 


+ .20 


+ .10 


.00 


-.07 


-.11 


-.12 


-.11 


-.09 


-.07 


-.08 


Cape 


40 


-.01 


.00 


.00 


+ .01 


+ .01 


+ .02 


+ .02 


+ .02 


+ .02 


+ .02 


+ .02 


+.02 


+.01 


Grw. 


40 


+ .17 


+ .18 


+ .17 


+ .16 


+ .13 


+ .09 


+ .05 


.00 


-.04 


-.08 


-.12 


-.15 


-.17 


Grw. 


45 


+ .06 


+ .05 


+ .04 


+.03 


+ .01 


.00 


-.02 


-.04 


-.06 


-.06 


-.06 


-.06 


-.06 


Arm. 


40 


+ .07 


+ .02 


-.03 


-.08 


-.12 


-.16 


-.19 


-.20 


-.20 


-.18 


-.16 


-.12 


-.07 


11) Had. 


46 


-.05 


-.03 


.00 


+ .02 


+ .04 


+.06 


+.08 


+ .09 


+ .09 


+.09 


+ .08 


+ .07 


+ .06 


Pulk. 


45 


-.07 


-.06 


-.05 


-.03 


-.01 


+ .01 


+ .03 


+ .05 


+ .06 


+ .07 


+ .08 


+ .08 


+ .07 


Paris 


45 


+ .07 


+ .08 


+ .08 


+ .07 


+ .06 


+ .06 


+ .03 


+ .01 


-.01 


-.03 


-.06 


-.06 


-.07 


Stgo. 


50 


+ .21 


+ .15 


+ .08 


+ .01 


-.07 


-.14 


-.20 


-.25 


-.28 


-.29 


-.28 


-.26 


-.21 


Grw. 


50 


+ .07 


+ .08 


+.08 


+ .07 


+ .06 


+ .05 


+ .03 


+.01 


-.01 


-.03 


-.05 


-.06 


-.07 


12) Cape 


50 


+ .03 


+ .08 


+ .12 


+ .16 


+ .17 


+ .18 


+ .18 


+ .17 


+ .14 


+ .11 


+ .06 


+ .02 


-.03 


Stgo. 


55 


+ .04 


+ .10 


+ .15 


+ .19 


+ .22 


+ .24 


+ .24 


+ .22 


+ .18 


+ .14 


+ .09 


+ .03 


-.04 


Pulk. 


55 


-.03 


-.03 


-.04 


-.04 


-.03 


-.03 


-.02 


-.01 


.00 


+ .01 


+ .02 


+ .02 


+ .03 


13) Wn. 


60 ) 
-20") 


+ .07 


+ .10 


+ .12 


+ .13 


+ .14 


+ .13 


+ .12 


+ .10 


+ .07 


+ .04 


.00 


-.04 


-.07 




.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


Grw. 


60 


-.01 


-.02 


-.03 


-.04 


-.05 


-.05 


-.05 


-.04 


-.04 


-.03 


-.02 


.00 


+.01 


Bad. 


60 


-.08 


-.06 


-.02 


+ .01 


+ .05 


+ .08 


+ .10 


+ .12 


+ .13 


+ .13 


+ .12 


+ .10 


+ .08 


Cape 


60 


-.03 


-.06 


-.08 


-.10 


-.11 


-.11 


-.11 


-.10 


-.08 


-.06 


-.03 


. ■ .00 


+ .03 


Paris 


60 


+ .08 


+ .04 


.00 


-.04 


-.08 


-.11 


-.14 


-.16 


-.16 


-.16 


-.14 


-.11 


-.08 


Stgo. 


60 


+ .24 


+ .24 


+ .22 


+ .19 


+ .15 


+ .10 


+ .04 


-.03 


-.09 


-.14 


-.18 


-.22 


-.24 


Melb. 


60 


+ .55 


+ .65 


+.40 


+ .29 


+ .09 


-.12 


-.29 


-.40 


-.42 


-.38 


-.2S 


-.18 


-.09 


Grw. 


64 


-.04 


-.03 


-.02 


-.01 


.00 


+ .01 


+ .02 


+ .03 


+ .04 


+ .04 


+ .04 


• +.04 


+.04 
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Tablr IV. Systematic Cobrections of the Fobm, z^S. . Declination. — Cont. 
Oh ih 2»» 8>» 4»» 6** 6»» 7»» 8»» 9>» 10»» 



11»» 



12h 



Cape 


65 


-.02 


-.02 


-.02 


-.01 


-.01 


-.01 


00 


00 


+ .01 


+ .01 


+ .02 


+ .02 


+ .02 


Bra. 


65 


-.05 


-.03 


00 


+ .02 


+ .04 


+ .06 


+ .08 


+ .08 


+ .09 


+ .09 


+ .08 


+.07 


+ .05 


Polk. 


65 


+ .04 


+ .04 


+ .04 


+ .03 


+ .02 


+ .01 


00 


-.01 


-.02 


-.03 


-.04 


-.04 


-.04 


Leid. 


67 


-.02 


-.02 


-.03 


-.03 


-.03 


-.02 


-.02 


-.01 


-.01 


00 


+ .01 


+ .01 


+ .02 


Melb. 


70 


-.11 


-.10 


-.09 


-.07 


-.05 


-.02 


+ .01 


+ .04 


+ .06 


+ .08 


+ .10 


+ .11 


+ .11 


Grw. 


72 


00 


00 


00 


-.01 


-.01 


-.01 


-.01 


-.01 


-.01 


-.01 


00 


00 


00 


Madr. 


75 


+.17 


+ .25 


+ .31 


+ .35 


+ .36 


+ .35 


+ .32 


+ .26 


+ .19 


+ .11 


+ .01 


-.08 


-.17 


Wn. 


75 


-.02 


-.01 


00 


+ .01 


+ .02 


+ .02 


+ .03 


+ .03 


+ .04 


+ .04 


+ .03 


+ .03 


+ .02 


PiUk. 


75 


+ .06 


+ .07 


+ .07 


+ .06 


+ .06 


+ .04 


+ .03 


+ .01 


00 


-.02 


-.04 


-.05 


-.06 


Harv. 


75 


00 


00 


00 


00 


00 


00 


00 


00 


00 


00 


00 


00 


00 


18) Cord. 


75 


00 


-.02 


-.04 


-.05 


-.06 


-.07 


-.07 


-.07 


-.06 


-.05 


-.04 


-.02 


00 


Paris 


75 


-.13 


-.06 


+ .01 


+ .08 


+ .15 


+ .21 


+ .26 


+ .28 


+ .28 


+.27 


+ .24 


+.19 


+.13 


14) Cape 


80 


-.10 


-.12 


-.12 


-.12 


-.11 


-.09 


-.07 


-.04 


-.01 


+ .02 


+ .05 


+ .08 


+.10 




-26° 


+ .05 


+ .05 


+ .04 


+ .04 


+ .02 


+ .01 


00 


-.01 


-.02 


-.04 


-.04 


-.06 


-.05 




-35 


-.23 


-.21 


-.17 


-.13 


-.07 


-.01 


+ .06 


+ .11 


+ .16 


+ .20 


+ .22 


+ .24 


+.23 




-45 


-.16 


-.16 


-.14 


-.12 


-.09 


-.05 


-.01 


+ .03 


+ .07 


+ .11 


+ .13 


+ .15 


+ .16 


Melb. 


80 


-.07 


-.08 


-.09 


-.09 


-.09 


-.08 


-.06 


-.04 


-.02 


+ .01 


+ .03 


+ .05 


+ .07 


Grw. 


80 


+ .06 


+ .04 


+ .02 


+ .02 


+ .02 


+.04 


+ .06 


+ .07 


+ .07 


+ .04 


00 


-.05 


-.10 


Pidk. 


86 


+ .02 


+ .01 


+ .01 


00 


-.01 


-.01 


-.02 


-.02 


-.03 


-.03 


-.03 


-.02 


-.02 


Cape 


86 


■I-.12 


+ .11 


+ .08 


+ .06 


+ .02 


-.01 


-.04 


-.07 


-.10 


-.11 


-.12 


-.13 


-.12 


Stbg. 


85 


+ .03 


+ .03 


+ .02 


+ .01 


+ .01 


00 


-.01 


-.02 


-.02 


-.03 


-.03 


-.03 


-.03 


Bad. 


90 


+ .07 


+ .10 


+ .12 


+ .13 


+ .14 


+ .13 


+ .12 


+ .10 


+ .07 


+ .04 


00 


-.04 


-.07 


Cape 


90 


-.06 


-.06 


-.06 


-.06 


-.04 


-.03 


-.01 


+ .01 


+ .02 


+ .04 


+ .06 


+ .06 


+ .06 


Grw. 


90 


00 


+ .01 


+ .02 


+ .02 


+ .02 


+ .03 


+ .03 


+ .02 


+ .02 


+ .02 


+ .01 


00 


00 


Madn. 


90 


-.21 


-.12 


-.04 


+ .03 


+ .08 


+ .10 


+ .11 


+ .11 


+ .11 


+ .13 


+ .15 


+ .18 


+ .21 


Ber. 


90 


+ .06 


+ .05 


+ .04 


+.03 


+ .01 


00 


-.02 


-.04 


-.06 


-.06 


-.06 


-.06 


-.06 


Mun. 


92 


+ .01 


+ .01 


00 


00 


00 


-.01 


-.01 


-.01 


-.01 


-.01 


-.01 


-.01 


-.01 


Mt. H. 


95 


+ .05 


+ .06 


+ .07 


+ .07 


+ .07 


+ .06 


+.06 


+ .04 


+ .02 


00 


-.02 


-.04 


-.05 


Ber. 


96 


+ .08 


+ .07 


+ .06 


+ .04 


+ .02 


00' 


-.03 


-.05 


-.06 


-.08 


-.08 


-.09 


-.08 


16) W.-Ott. 


97 


+ .07 


+.13 


+ .18 


+ .21 


+ .23 


+ .24 


+ .23 


+ .20 


+ .16 


+ .11 


+ .06 


-.01 


-.07 


Alb. 


98 


-.06 


-.07 


-.07 


-.07 


-.06 


-.06 


-.04 


-.02 


00 


+ .01 


+ .03 


+ .06 


+ .06 



8) Br. 1765 
Pi. 1800 
Grw. 15 
Kgb. 20 
Bb. 25 

9) Dpt. 30 
Abo 30 
Cape 30 
Grw. 30 
St. H. 30 

Cape 33 
Camb. 30 
10) Madr. 35 
Cape 40 
Grw. 40 



Table V. Systematic Corbections of the Form, z^S,. Declination. 

+90° -f-86*' +80'' +76° +70° +66° +60° +66° +50° +46° +40° +36° +30<> 

See .^.J. 545. 

.00 +.04 +.08 +.16 +.24 +.23 +.14 - .06 - .38 - .64 -.85 -1.08 -1.29 

.00 -.05 -.14 -.26 -.37 -.47 -.56 - .63 - .68 - .74 -.78 - .82 - .81 

00 .00 +.03 +.08 +.08 + .04 - .03 - .04 .00 .00 .00 

.00 -.04 -.09 -.14 -.20 -.26 -.33 - .41 - .43 - .38 -.32 - .27 - .24 

.00 -.04 -.08 -.09 -.06 -.05 -.05 - .06 - .09 - .13 -.18 - .24 - .31 

+ .17 +.15 +.12 +.07 V.02 -.05 -.1*2 - .23 - .39 -.62 '-!92 -1.04 li.09 
+1.64 +1.26 +1.06 +.98 + .99 +1.09 

-.08 + .14 + .29 

+ .11 +.03 -.06 -.16 -.28 -.35 -.40 - .46 - .54 - .62 -.63 - .59 - .48 

00 +.07 +.18 +.34 +.51 + .61 + .66 + .66 +.62 + .53 + .36 

- .74 -.49 - .31 - .22 

.00 -.03 -.05 -.06 -.06 -.05 -.04 - .02 + .01 + .04 +.06 + .07 + .07 
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Table IV. Systematic Corrections op the Form, JB^, Declination. — Cont. 

12h 18»» 14»» 16»» 16»» 11^ 18»» 19h 20»» 21^* 22»» 23>» 



0»» 



Gape 


65 


+ .02 


+.02 


+ .02 


+ .01 


+ .01 


.00 


.00 


.00 


-.01 


-.01 


-.02 


-.02 


-.02 


Brs. 


65 


+ .05 


+ .03 


.00 


-.02 


-.04 


-.06 


-.08 


-.08 


-.09 


-.09 


-.08 


-.07 


-.05 


Pulk. 


66 


-.04 


-.04 


-.04 


-.03 


-.02 


-.01 


.00 


+ .01 


+ .02 


+ .03 


+ .04 


+ .04 


+ .04 


Leid. 


67 


+.02 


+ .02 


+ .03 


+ .03 


+ .03 


+ .02 


+ .02 


+ .01 


+ .01 


.00 


-.01 


-.01 


-.02 


Melb. 


70 


+ .11 


+ .10 


+ .09 


+ .07 


+ .05 


+ .02 


-.01 


-.04 


-.06 


-.08 


-.10 


-.11 


-.11 


Grw. 


72 


..00 


.00 


.00 


+ .01 


+ .01 


+ .01 


+ .01 


+ .01 


+ .01 


+ .01 


.00 


.00 


.00 


Madr. 


76 


-.17 


-.26 


-.31 


-.36 


-.36 


-.35 


-.32 


-.26 


-.19 


-.11 


-.01 


+ .08 


+.17 


Wn. 


75 


+ .02 


+ .01 


.00 


-.01 


-.02 


-.02 


-.03 


-.03 


-.04 


-.04 


-.03 


-.03 


-.02 


Pulk. 


75 


-.06 


-.07 


-.07 


-.06 


-.06- 


-.04 


-.03 


-.01 


.00 


+ .02 


+ .04 


+ .06 


+ .06 


Harv. 


75 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


18) Cord. 


76 


.00 


+ .02 


+ .04 


+ .06 


+ .06 


+ .07 


+ .07 


+ .07 


+ .06 


+ .06 


+ .04 


+ .02 


.00 


Paris 


76 


+ .13 


+ .06 


-.01 


-.08 


-.16 


-.21 


-.26 


-.28 


-.28 


-.27 


-.24 


-.19 


-.13 


14) Cape 


80 


+ .10 


+ .12 


+ .12 


+ .12 


+ .11 


+ .09 


+ .07 


+ .04 


+.01 


-.02 


-.06 


-.08 


-.10 




-26° 


-.06 


-.06 


-.04 


-.04 


-.02 


-.01 


.00 


+.01 


+ .02 


+ .04 


+ .04 


+ .05 


+ .06 




-36 


+ .23 


+ .21 


+ .17 


+.13 


+ .07 


+ .01 


-.06 


-.11 


-.16 


-.20 


-.22 


-.24 


-.23 


• 


-46 


+ .16 


+.16 


+ .14 


+ .12 


+ .09 


+ .06 


+ .01 


-.03 


-.07 


-.11 


-.13 


-.16 


-.16 


Melb. 


, 80 


+ .07 


+ .08 


+ .09 


+ .09 


+ .09 


+ .08 


+ .06 


+ .04 


+ .02 


-.01 


-.03 


-.06 


-.07 


Grw. 


80 


-.10 


-.14 


-.16 


-.16 


-.13 


-.08 


-.02 


+ .03 


+ .08 


+ .10 


+ .10 


+ .08 


+ .06 


Pulk. 


86 


-.02 


-.01 


-.01 


.00 


+ .01 


+ .01 


+ .02 


+ .02 


+ .03 


+.03 


+.03 


+ .02 


+ .02 


Cape 


85 


-.12 


-.11 


-.08 


-.06 


-.02 


+ .01 


+ .04 


+ .07 


+ .10 


+ .11 


+.12 


+.13 


+ .12 


Stbg. 


85 


-.03 


-.03 


-.02 


-.01 


-.01 


.00 


+ .01 


+ .02 


+.02 


+ .03 


+ .03 


+ .03 


+ .03 


Rad. 


90 


-.07 


-.10 


-.12 


-.13 


-.14 


-.13 


-.12 


-.10 


-.07 


-.04 


.00 


+ .04 


+ .07 


Cape 


90 


+ .06 


+ .06 


+ .06 


+ .05 


+ .04 


+ .03 


+.01 


-.01 


-.02 


-.04 


-.05 


-.06 


-.06 


Grw. 


90 


.00 


-.01 


-.02 


-.02 


-.02 


-.03 


-.03 


-.02 


-.02 


-.02 


-.01 


.00 


.00 


Madn. 


90 


+ .21 


+ .22 


+ .21 


+ .17 


+.10 


.00 


-.11 


-.21 


-.29 


-.33 


-.32 


-.28 


-.21 


Ber. 


90 


-.06 


-•05 


-.04 


-.03 


-.01 


.00 


+.02 


+ .04 


+ .06 


+ .06 


+ .06 


+ .06 


+ .06 


Mun. 


92 


-.01 


-.01 


.00 


.00 


.00 


+ .01 


+ .01 


+ .01 


+ .01 


+ .01 


+ .01 


+ .01 


+ .01 


Mt.H. 


95 


-.06 


-.06 


-.07 


-.07 


-.07 


-.06 


-.06 


-.04 


-.02 


.00 


+ .02 


+ .04 


+.06 


Ber. 


95 


-.08 


-.07 


-.06 


-.04 


-.02 


.00 


+ .03 


+ .06 


+ .06 


+ .08 


+ .08 


+.09 


+ .08 


16) W.-Ott. 


97 


-.07 


-.13 


-.18 


-.21 


-.23 


-.24 


-.23 


-.20 


-.16 


-.11 


-.05 


+.01 


+ .07 


Alb, 


98 


+.06 


+ .07 


+ .07 


+.07 


+.06 


+ .06 


+ .04 


+ .02 


.00 


-.01 


-.03 


-.06 


-.06 



8) Br. 1756 


Pi. 1800 


Grw. 


16 


Kgb. 
Bb. 


20 
26 


9) Dpt. 
^ Abo 


30 
30 


Cape 
Grw. 


30 
30 


St. H. 


30 


Cape 
Camb. 


33 
30 


10) Madr. 


35 


Cape 
Grw. 


40 
40 



Table V. Systematic Corrections op the Form, ziS,. Declination. 
+26** 4-20° -f-15° +10<> -1-50 —6** —10° —16° —20° 

See A,J. 545. 

-1.53 -1.86 -2.06 -2.10 -1.99 -1.96 -2.12 -2.33 -2.26 -1.79 

- .77 - .72 - .70 - .71 - .73 - .78 - .84 - .92 -1.01 -1.10 

.00 - .05 - .12 - .09 - .01 -H .05 + .08 -h .05 + .01 ... 



- .22 - .25 



+ .07 



.34 - .51 



.68 - .77 - .83 - .88 - .92 



.97 



—26° —80^ 



-1.26 -1.16 
■1.20 -1.30 



+ .29 -h .17 



- .77 - .91 



- .38 - .43 - .47 - .50 - .53 - .55 - .59 - .67 
- .20 - .14 - .06 H- .02 + .10 -h .18 -h .24 4- .28 + .30 

-1.16 -1.33 -1.51 -1.60 -1.59 -1.45 -1.39 -1.56 -2.07 -2.53 -2.86 . . . 

+1.32 -1-1.37 -hl.26 -1-1.02 -h .91 + .92 -hl.Ol -hl.Ol -H .72 - .03 - .35 - .18 

-h .40 -h .38 - .32 - .22 - .12 - .11 - .21 - .14 -h .20 + .53 -h .72 -h .79 

- .30 - .16 - .14 - .16 - .23 - .42 - .69 - .95 -1.22 -1.49 -1.76 



.17 _ .30 _ .36 - .36 - .33 - .28 - .20 



.10 -h .05 -H .25 + .47 



- .21 - !23 - !20 ' - .12 -H .04 -h .38 -h .58 -h .56 4- .40 -«- .31 4- ^22 4- .10 
4- .08 -h .10 4- .14 4- .18 -h .24 4- .30 -H .37 4- .42 4- .46 4- .48 4- .49 . . . 
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Grw. 46 

Arm. 40 

11) Rad. 46 
Pulk. 46 
Paris 46 

Stgo. 60 

Grw. 50 

12) Cape 50 
Stgo. 55 
Pulk. 56 

Wn. 60 

Grw. 60 

Rad. 60 

Cape 60 

Paris 60 

Stgo. 60 

16) Melb. 60 
Grw. 64 
Cape 66 
Brs. 66 

Pulk. 66 

Leid. 67 

Melb. 70 

Grw. 72 

17) Madr. 76 

Wn. 75 

Pulk. 76 

Harv. 75 

18) Cord. 75 
Paris 76 

14) Cape 80 
Melb. 80 
Grw. 80 
Pulk. 86 
Cape 85 

Stbg. 85 

Rad. 90 

Cape 90 

Grw. 90 

Madn. 90 

Ber. 90 

Mun. 92 
Mt. H. 95 

Ber. 95 

15) W.-Ott.97 
Alb. 98 



Table V. Systematic Corrections of the Form, /ISg. Declination. — Cont. 
+90^ +85° -f-80° -f-76° -f-70^ -f-65° +60° +56° +60° +45° +40° 



+.36° 



.00 +.02 +.04 +.06 +.09 
.00 .00 .00 .00 .00 



+ .12 +.12 + .08 



.00 



.00 +.16 +.50 +.74 +.67 +.32 +.15 + .08 + .01 - .12 -.31 



.00 .00 .00 
.00 +.03 +.07 



.00 



.00 .00 
.10 +.05 



.00 +.04 + .11 
.09 -.19 - .20 



.00 -.04 -.09 
.... +.26 



.14 -.20 
.04 -.64 



.28 -.36 - .44 
.70 +.60 - .13 



.00 -.05 



..14 -.24 -.28 -.25 



.00 +.06 +.08 +.07 +.06 



.00 



+ .06 +.06 +.06 +.06 +.07 +.11 +.19 + .18 + .07 - .03 



.24 - .32 - .44 - .63 -.78 
+ .09 .00 

.10 



.17 
.14 



.00 



.00 



.00 



.00 +.02 +.07 + .06 



.03 - .19 



+30^ 



.00 - .08 -.08 + .03 + .14 



.00 - .14 - .49 - .67 -.62 - .56 - .55 



.63 - .70 



.00 .00 .00 .00 +.04 +.10 +.17 + .21 + .23 + .26 +.32 + .36 H- .36 

.00 .00 .00 .00 -.08 -.16 -.17 - .13 - .04 + .11 +.18 + .12 + .03 

+.17 + .39 + .56 

-.12 -.13 -.14 -.15 -.16 -.17 -.18 - .18 - .17 - .15 -.12 - .07 - .01 

-.26 -.22 -.16 -.05 +.04 V.08 +.09 +.09 +.12 +.21 +.30 +.36 +.35 

.00 +.16 +.36 +.43 +.41 +.36 +.37 + .40 + .38 + .32 +.25 + .14 + .06 

.00 +.06 +.13 +.19 +.25 +.29 +.31 + .30 + .26 + .18 +.08 + .06 + .14 

.00 +.27 +.68 +.90 +.86 +.68 +.49 + .38 + .29 + .06 -.30 - .70 - .90 

- .02 -.06 - .11 - .16 

.00 -.03 -.07 -.06 -.03 +.02 +.08 + .16 + .16 + .07 -.07 - .14 - .17 

.00 

+.38 + .34 + .30 

.00 .00 .00 .00 -.02 -.04 -.04 .00 + .06 + .06 +.06 ^ .06 + .10 

+.20 + .13 + .06 

+ .38 +.41 +.44 +.47 +.50 +.52 +.43 + .19 - .03 - .14 -.16 - .09 .00 



.21 + .26 +.27 + .24 + .23 

.18 - .16 -.10 - .08 - .15 

+.76 + .48 + .19 

.49 - .63 -.64 - .64 - .62 

.23 - .22 -.26 - .17 + .64 



.00 +.01 +.03 +.06 +.09 +.12 +.17 + .21 + .18 + .06 -.10 - .24 - .30 

.00 .00 .00 +.02 +.04 +.06 +.08 + .10 + .12 + .12 +.10 + .06 + .02 

.00 +.02 +.06 +.10 +.09 +.06 -.06 - .14 - .11 + .10 +.26 + .28 + .24 

- .94 

.00 .00 .00 -.04 -.10 -.17 -.21 - .23 - .26 - .29 -.33 - .34 - .32 

+ .06 -.02 - .07 - .11 

+1.00 +.72 + .41 + .11 

.00 +.02 +.05 +.11 +.17 +.21 +.21 + .18 + .10 + .01 -.04 - .06 - .01 

.00 .00 .00 +.02 +.04 +.05 +.06 + .04 + .04 + .05 +.09 + .14 + .18 

-1.03 -.81 - .62 - .47 

.00 .00 .00 -.02 -.06 -.07 -.07 - .06 - .07 - .09 -.08 - .06 - .05 

.00 .00 .00 -.04 -.13 -.32 -.64 - .58 - .49 - .45 -.50 - .62 - .72 

- .30 -.07 + .02 .00 

.10 -.10 -.10 -.09 -.06 -.01 .00 - .03 - .09 - .10 -.08 - .06 - .05 

.00 -.06 -.10 -.13 -.14 -.14 -.14 - .12 - .08 - .02 +.10 + .26 -h .32 

.00 +.03 +.07 +.13 +.16 +.16 +.13 + .09 + .04 - .01 -.06 - .12 - .14 



-.08 +.02 +.18 +.31 +.37 +.36 +.29 + .17 + .10 + .06 +.06 + .04 - 



.25 
.16 
.86 
.01 
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Table 


V. Ststxhatic Cobbbction£ 


i OF 


THE 


Form, - 


^S,. 


Declination. — 


-Cont. 














+26" 


+20° 


+lb^ 


+10° 




4-6° 









-5° 


_ 


-lO*' 


. 


-16<» 




-20° 


— 


-26*^ 


- 


-30<> 








f 


# 




f 




f 




f 




y 




f 




f 




# 




§ 




f 




§ 


Grw. 


45 


+ 


.17 


+ .12 




.00 


_ 


.04 




.00 


+ 


.09 


+ 


.10 


+ 


.07 




.00 


— 


.07 





.13 


— 


.21 


Arm. 


40 





.53 


- .52 





.56 





.71 





.86 





.88 


' 


.83 





.76 





.69 





.58 





.31 


+ 


.22 


11) Rad. 


45 





.77 


- .72 


— 


.68 


— 


.32 





.08 


-h 


.17 


-H 


.41 


-h 


.56 


+ 


.54 


-h 


.28 





.32 


, 


^ 


Pulk. 


45 


-H 


.35 


+ .34 


-h 


.33 


H- 


.34 


4- 


.35 


-h 


.38 


-h 


.42 


+ 


.47 


+ 


.53 


H- 


.60 


, 




. 


, 


Paris 


45 




.00 


.00 


+ 


.01 


— 


.07 


— 


.15 


— 


.19 


— 


.19 


— 


.16 


— 


.05 


-h 


.11 


-h 


.34 


-h 


.60 


Stgo. 


50 


-f- 


.69 


+ .78 


-h 


.84 


-f- 


.82 


+ 


.85 


-h 


.93 


-h 


.99 


H-1.02 


+ 1.00 


+ 


.96 


+ 


.82 


H- 


.56 


Grw. 


50 


-h 


.06 


+ .13 


-h 


.16 


+ 


.11 


— 


.01 





.13 


— 


.14 


— 


.13 





.11 


— 


.07 





.03 


-1- 


.01 


12) Cape 


60 


. 


, 


. . . 


. 




. 


^ , 




. . 





.40 


— 


.34 


— 


.19 


+ 


.02 


+ 


.14 


+ 


.14 


+ 


.07 


Stgo. 


55 


■h 


.26 


+ .20 


-h 


.14 


+ 


.10 


-h 


.06 


+ 


.04 


+ 


.03 


— 


.01 





.11 


— 


.26 





.35 


— 


.34 


Pulk. 


55 


+ 


.32 


+ .33 


-f- 


.37 


+ 


.39 


-h 


.40 


+ 


.40 


+ 


.42 


-f- 


.60 


+ 


.71 


-h 


.99 


• 


• • 


• 




Wn. 


60 


+ 


.02 


- .02 





.07 





.17 





.19 





.14 





.04 





.01 




.00 


-H 


.03 


+ 


.12 


-h 


.31 


Grw. 


60 


-H 


.26 


+ .29 


-H 


.28 


+ 


.23 


+ 


.12 


+ 


.04 


-h 


.02 


+ 


.04 


+ 


.10 


-h 


.20 


-h 


.32 


H- 


.46 


Kad. 


60 


__ 


.87 


- .67 





.45 





.22 


+ 


.01 


+ 


.26 


-h 


.51 


+ 


.74 


+ 


.82 


-h 


.66 


4- 


.36 


+ 


.13 


Cape 


60 


— 


.21 


- .26 


— 


.28 


— 


.31 


— 


.33 





.34 


— 


.34 


— 


.31 


— 


.22 


— 


.08 


— 


.01 


H- 


.02 


Paris 


60 


— 


.18 


- .22 


— 


.26 


— 


.28 


— 


.26 


— 


.20 


— 


.18 


— 


.15 


— 


.05 


+ 


.14 


+ 


.43 


+ 


.78 


Stgo. 


60 





.06 


- .14 


_ 


.28 





.46 


__ 


.56 





.62 


__ 


.30 





.12 


_ 


.14 





.20 


_ 


.12 


+ 


.21 


16) Melb. 


60 


+ 


.28 


+ .28 


+ 


.36 


+ 


.50 


+ 


.78 


-h 


.90 


+ 


.90 


+ 


.76 


-h 


.55 


+ 


.44 


+ 


.41 


+ 


.40 


Grw. 


64 


+ 


.12 


+ .11 


+ 


.09 


H- 


.05 




.00 





.04 


— 


.05 




.00 


+ 


.11 


H- 


.26 


H- 


.46 


+ 


.66 


Cape 


65 


— 


.02 


- .09 


— 


.16 


— 


.20 


— 


.24 





.25 


— 


.24 


— 


.19 


— 


.11 




.00 


-h 


.04 





.03 


Brs. 


65 


H- 


.04 


+ .03 




.00 


— 


.03 


— 


.04 


— 


.04 


— 


.02 


+ 


.02 


H- 


.08 


-h 


.16 


-h 


.27 


^ 


.47 


Pulk. 


65 


-h 


.24 


+ .31 


+ 


.36 


-h 


.36 


-h 


.33 


-h 


.35 


-h 


.40 


+ 


.46 


-h 


.54 


+ 


.64 










Leid. 


67 


— 


.29 


- .36 


— 


.37. 


— 


.32 


— 


.22 





.05 


+ 


.04 


+ 


.06 


-h 


.01 





.13 


. 


. . 


. 


. 


Melb. 


70 


— 


.09 


- .35 


— 


.40 


— 


.26 


— 


.17 





.18 


— 


.26 


— 


.36 


— 


.40 





.42 





.41 





.41 


Grw. 


72 


— 


.50 


- .52 





.69 


— 


.74 


— 


.95 


-1.15 


-1.26 


-1.34 


-1.46 


-1.70 


-2.09 


-2.63 


17) Madr. 


75 


H- 


.62 


+ .79 


-h 


.33 


— 


.41 


— 


.68 


+ 


.66 


— 


.05 


— 


.09 


+ 


.01 


— 


.02 


+ 


.10 


+ 


.86 


Wn. 


75 


_ 


.31 


- .29 





.27 


__ 


.26 





.25 


_ 


.24 





.26 





.30 


_ 


.31 


_ 


.29 


_ 


.22 


_ 


.08 


Pulk. 


76 


-h 


.02 


+ .05 


H- 


.09 


-h 


.11 


+ 


.12 


+ 


.12 


+ 


.17 


-h 


.27 


+• 


.42 


-h 


.60 


. 


. . 


. 


. 


Harv. 


76 


-h 


.23 


+ .31 


H- 


.29 


+ 


.06 




.00 


+ 


.12 


+ 


.25 


-h 


.31 


H- 


.32 


+ 


.33 


4- 


.36 


"+" 


.42 


18) Cord. 


75 


— 


.82 


- .70 


— 


.60 


— 


.64. 


— 


.49 





.48 





.49 





.46 





.37 





.31 


— 


.28 





.28 


Paris 


75 


— 


.28 


- .26 


— 


.26 


— 


.24 


— 


.23 


— 


.22 


— 


.22 


— 


.21 


— 


.16 


— 


.02 


+ 


.23 


+ 


49 


14) Cape 


80 


_ 


.14 


- .16 





.17 





.18 





.15 


. 


.07 





.03 


__ 


.02 


__ 


.03 





.07 





.12 





.21 


Melb. 


80 


— 


.20 


- .41 


— 


.41 


— 


.32 


— 


.28 


— 


.32 





.46 


— 


.55 


— 


.60 


— 


.61 


— 


.06 


— 


.67 


Grw. 


80 


-f 


.11 


+ .23 


-h 


.28 


+ 


.26 


-h 


.15 


-h 


.11 


-f- 


.22 


-1- 


.34 


H- 


.44 


+ 


.61 


+ 


.61 


+ 


.79 


Pulk. 


85 


+ 


.22 


+ .24 


H- 


.25 


+ 


.25 


+ 


.24 


+ 


.22 


+ 


.19 


+ 


.15 


-h 


.06 





.14 


. 




. 


. 


Cape 


85 


— 


.37 


- .31 


— 


.30 


— 


.29 


— 


.28 


— 


.27 


— 


.26 


— 


.26 


— 


.27 


— 


.28 


— 


.28 


— 


.24 


Stbg. 


85 


___ 


.08 


- .10 





.08 





.02 




.00 




.00 




.00 




.00 


__ 


.03 


__ 


.08 





.13 


__ 


.18 


Bad. 


90 


— 


.76 


- .77 


— 


.77 


— 


.77 


— 


.76 





.74 





.68 





.61 





.54 





.47 


— 


.39 





.32 


Cape 


90 


— 


.05 


- .06 


— 


.04 


— 


.01 


— 


.02 





.05 





.09 





.11 





.10 





.08 


— 


.01 


+ 


.04 


Grw. 


90 


— 


.04 


- .02 




.00 


-f 


.02 


+ 


.03 


+ 


.04 


-f- 


.06 


+ 


.12 


-1- 


.21 


-h 


.34 


-h 


.50 


+ 


.70 


Madn. 


90 


+ 


.31 


+ .28 


H- 


.29 


-f 


.34 


-h 


.38 


+ 


.38 


-f- 


.34 


+ 


.29 


+ 


.23 


+ 


.18 


• 


■ • 


• • 


• 


Ber. 


90 


__ 


.11 


- .08 





.06 





.03 




.00 


+ 


.03 


-h 


.05 


+ 


.08 


+ 


.10 














Mun. 


92 


, 


, ^ 


• • • 


— 


.70 


— 


.74 


— 


.79 





.84 





.89 





.97 


-1.05 


. 


. 


. 


. 


. 


, 


Mt. H 


. 95 


— 


.23 


- .14 


— 


.10 


— 


.09 


— 


.10 





.05 


+ 


.04 


-f- 


.14 


-f- 


.21 


+ ' 


.20 


■f 


.32 


+ ' 


.43 


Ber. 


95 





.14 


- .12 





.12 





.12 





.11 





.09 





.02 


-h 


.08 


-f- 


.22 


H- 


.42 


-h 


.62 




. 


16) W.-Ott.97 


-1.01 


-1.07 


-1.05 


— 


.98 


— 


.86 





.72 


~ 


.64 





.59 


— 


.66 


— 


.52 


— 


.46 


— 


.35 


Alb. 


98 


— 


.06 


- .09 


— 


.10 


— 


.09 


— 


.05 


+ 


.01 




.00 


— 


.05 


— 


.08 


— 


.06 


— 


.02 


+ 


.06 
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Pi. 1800 
Bb. 25 
Cape 30 
St.H.30 
Cape 33 

10)Ma(ir.35 
Cape 40 
Stgo. 50 

12) Cape 50 
Stgo. 55 

Wn. 60 
Cape 60 
Stgo. 60 
Melb. 60 



Table V. Systematic Corrections, JSa> South of —30®. 

_30o —35° —40'* —46° —50° —65° —60° —65° —70° —76° —80° —85° —00° 

-1.16 -1.36 -1.98 —2.63 

+ .17 -f- .08 + .06 -h .16 -h .34 + ,6(S -f- .97 +1.20 +1.03 -I-.58 -I-.32 +.13 .00 

+ .30 + .26 + .18 + .04 - .14 - .30 - .38 - .40 - .32 -.16 .00 .00 .00 

- .18 + .33 + .52 + .48 + .27 + .13 + .10 + .22 + .55 +.75 +.73 . . 

+ .79 + .79 + .51 - .06 - .25 - .23 - .25 - .30 - .16 -.02 .00 .00 .00 

+ .47 + .75 +1.00 +1.15 +1.23 +1.24 +1.20 +1.13 

+ .10 - .04 - .22 - .38 - .52 - .64 - .74 - .79 - .71 -.42 -.21 -.07 .00 

+ .56 + .25 + .13 + .27 + .36 + .36 + .19 .00 .00 .00 .00 .00 .00 

-f- .07 - .01 - .08 - .17 - .36 - .32 - .17 - .23 - .37 -.31 -.12 -.03 .00 

- .34 - .19 - .07 - .04 - .07 - .18 - .35 -.50 -.36 -.17 

+ .31 + .64 + .97 

+ .02 .00 - .04 - .06 - .06 - .04 .00 + .05 + .08 +.10 +.10 +.09 +.08 

+ .21 + .63 + .83 + .88 + .76 + .55 + .37 + .25 + .15 +.08 +.03 .00 .00 

+ .40 + .38 + .30 + .16 - .05 - .29 - .48 - .54 - .52 -.45 -.33 -.17 .00 



Catal. 



Wts. 



Table VI. Weights in Right-Ascension for the Principal Catalogues. 

.06 .1 .16 .2 .26 .3 .36 .4 .6 .6 .7 1.0 1.5 2.0 2.5 3.0 3.6 4.0 6.0 6.0 7.0 8.0 9.0 10.0 



Bradley 1755 Eq. 

19) +60* 

20) Piazzi 1800 
Green w. 15 
Dor pat 15 
Konigsb. 1 5 
Konigsb. 25 

Dorpat 30 

Cape 30 

St. H. 30 

Ibo 30 

Greenw. 30 

Cambr. 30 

Cape 33 

21) Madras 35 
Armagh 40 



Cape 
Greenw. 
Greenw. 
Radcl. 

22) Pulkowa 

Paris 

Santiago 

Greenw. 

Cape 

Santiago 

Cape 

Wash^n 

Greenw. 

Kadcl. 

Santiago 

Melb. 

Paris 

Greenw. 



40 
40 
45 
45 Eq. 

+ 60* 
45 S. 

N. 
45 Eq. 

+ 60* 
50 
50 
50 

60 

60 

60 

60 

60 

60 

60 Eq. 
+55* 
+80* 

64 



2 4 

1 2 
8 27 

1 

2 
1 



6 8 10 13 15 17 
3 4 5 6 7 8 



1 2 

2 4 

1 2 
.. 1 

2 5 

1 2 

1 .. 

12 4 

12 4 



6 
3 

3 

7 
4 



4 
2 
8 
9 



4 5 6 8 10 13 17 

2 .. 3 4 5 6 7 

7 8 10 13 16 21 26 

4 . . 5 6 7 9 10 19 31 50 78 



16 



4 5 6 7 9 10 12 26 51 

9 12 15 21 38 75 

. . 6 7 8 11 15 20 

2 . . . . 3 4 5 6 10 14 20 27 35 44 63 



5 


6 8 11 15 25 65 




3 4 5 6 7 9 20 45 


11 


14 19 28 


13 


18 27 



12 3 

12 

. . 1 .. 

1 .. 2 
. . .. 1 


A 

3 
2 
3 


6 6 7 8 9 
..4568 

3 . . 4 6 6 

4 5 6 7 10 
2 . . 3 5 

1 2 








12 
.. .. 1 
12 
1 .. 
. . 12 
. . 12 
. . .. 1 

i .. 

'.'. 12 
12 

. . .. 1 

1 .. 2 

1 .. 

. . .. 1 


2 

a 

c 
r 

] 

c 
«; 

c 

c 
c 
I 

] 


3 4 6 6 7 
. . 2 . . 3 . . 

3 4 . . 6 6 
! . . 3 . . 4 6 
t . . 4 . . 6 10 
( . . 4 . . 6 10 
. . . 2 . . 3 . . 

} . . 3 . . 4 6 
[ . . . . 2 . . 3 
t 4 . . 5 6 8 
\ . . 4 . . 6 10 
. . . 2 . . . . 3 
{ 4 6 . . 6 8 
5 3.466 
2 . . 3 . . 4 
L 2 . . 



12 14 
10 13 

8 9 

13 18 

7 10 
. . 3 

1 . . 

8 10 
4 5 
8 10 
7 8 

15 25 

15 25 

4 5 

7 8 

4 

10 12 

15 25 

4 5 



19 29 44 . . 

15 43 ... . 

11 23 40 75 

25 

13 

4 

2 



6 9 13 16 21 27 37 58 

3 5 6 7 8 10 14 19 25 35 48 

13 23 39 64 110 

7 11 17 25 39 58 95 

12 26 55 

9 17 27 41 61 91 





6 11 17 25 38 57 


10 17 28 41 61 91 


5 8 13 18 24 32 42 


65 


17 







9 
8 
5 
3 



11 
9 
6 



6 10 14 20 26 34 44 

14 23 52 71 150 250 . . 

11 22 52 71 150 250 . . 

8 15 52 71 150 250 . . 

4 7 10 13 17 22 26 35 50 75 
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Cape 65 
Melb. 70 
17)Madr.75 
Wn. 75 
Harv. 75 

18) Cord. 75 

14) Cape 80 

Melb. 80 

Cape 85 

Cape 90 

Mt.H.95 
15)W-Ott.97 

Alb. 98 



- .67 



Table V. Systematic Corrections, JS,, South op —30". — Cont. 



—80° —36° 



—40° 



—46° 



—60° —55° 



—60° —65° —70° —75° 



—80° 



—86° —90° 



- .03 - .03 -h .02 4- .09 -h .13 -h .14 4- .14 -f- .16 -h .17 +.19 -I-.21 +.23 -I-.25 
_ .41 _ .47 - .63 - .63 - .51 - .45 - .46 - .46 - .42 -.31 -.18 -.08 .00 
-h .86 -h .95 -f-1.11 -f- .75 -h .13 + .16 -1-1.60 -1-1.20 -1-2.00 

- .08 -f- .22 4- .71 

-h .42 -h .51 



- .28 - .26 - .23 - 

- .21 - .29 - .26 - 



.69 - .71 - 



- .24 - .19 - .16 



.18 
.10 
.71 
.17 



- .14 - .11 - .08 - .06 - .04 



-.03 -.02 -.01 



-h .04 -h .12 -f- .16 

- .67 - .60 - .45 - .28 

- .24 - .30 - .29 - .20 



-h .04 +■ .05 -h .02 - .02 - .03 



.00 
4- .17 4- .25 4- .43 4- .44 4- .26 4- .06 

.00 
.00 
.00 



.17 -.10 -.05 -.02 
.12 -.06 -.03 -.01 



.00 4- .02 4- .04 4- .04 -h.03 4- .01 



.00 



4- .43 4- .65 4-1.12 
- .35 - .22 ... 
4- .06 4- .15 4- .25 



Catal. 



Table VI. Weights in Right- Ascension for the Principal Catalogues. — Cont. 
Wt8. .05 .1 .16 .2 .25 .3 .35 .4 .6 .6 .7 1.0 1.6 2.0 2.5 3.0 3.5 4.0 6.0 6.0 7.0 8.0 9.0 10.0 





Cape 

Brussels 

Harvard 


65 
65 
65 


22) 


Pulkowa 


65 S. 

N. 




Melb. 


70 




Greenw. 


72 Eq. 

+ 60" 




Madras 


75 Eq. 
+ 60' 
-50' 




Wash'n 


75 




Pulkowa 


75 Eq. 
+60' 




Harvard 


75 Eq. 
+70' 


23) 


Cordoba 

Paris 

Cape 

Melb. 

Greenw. 


75 
75 
80 
80 
80 


22) 


Pulkowa 


85) S. 
92 fN. 




Cape 


85 Eq. 
-60 




Strassb. 
Radcl. 
Cape 
Madison 


85 
90 
90 
90 


24) 
25) 


Berlin 

liisbon 

Greenw. 

Mt. H. 

Berlin 

Albany 


90 
90 
90 
95 
95 
98 



1 



1 



2 



2 
3 



3 
4 
3 



5 
5 
5 



6 

7 
6 



7 12 20 32 50 

8 28 

7 15 



2 
1 



3 4 6 7 9 10 14 18 28 35 56 . . 
2 3 4 5 6 7 9 12 14 18 23 28 



8 12 17 22 28 35 50 78 



4 

2 



6 9 11 14 18 22 30 39 54 74 ... . 
3 5 6 7 9 11 14 20 28 37 53 77 



13 4 6 8 9 11 13 16 20 24 34 61 

12 4 5 7 10 13 17 23 46 

2 4 7 11 17 25 61 



6 9 13 17 22 27 32 41 55 73 94 . . 

8 13 18 24 30 36 43 53 69 86 ... . 
5 8 11 14 18 21 25 30 42 54 67 84 



5 
3 



2 
3 



4 
4 



5 
5 
4 
5 
2 



6 
6 
5 
6 



2 
1 



7 
4 

5 
2 

8 

7 
6 

7 



6 

o 



6 9 12 16 20 25 30 38 50 65 83 ... . 
3 4 6 8 10 12 14 18 25 34 45 61 83 



10 28 

10 17 29 47 80 

8 12 18 26 34 45 57 83 ... . 

9 15 23 35 50 72 

3 6 8 11 14 18 23 30 45 64 



3 





4 6 7 9 10 14 18 28 35 56 . . 
3 4 5 6 7 9 12 14 18 23 28 



4 
3 



5 
5 
1 



7 10 15 19 23 28 33 40 51 63 76 . . 

4 6 8 11 14 17 20 27 37 50 68 . . 

2 4 5 7 9 11 13 17 25 36 51 80 

7 10 15 20 25 31 . 38 49 66 

6 9 13 17 22 27 32 40 54 71 91 . . 

. . 2 3 4 5 6 8 10 15 24 38 70 



1 . . 2 . . 3 4 5 6 

1 . . 2 3 . . 4 5 7 

4 5 8 10 12 15 18 24 32 43 57 77 

10 



9 12 17 24 40 
9 12 16 22 32 



3 4 5 6 9 12 17 24 40 

7 9 11 14 20 
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Wts. 



26) Bradley 1755 
Piazzi 1800 
Greenwich 15 
Konigsberg 20 
Brisbane 25 

Dorpat 30 

Abo 30 

Cape 30 

Greenwich 30 

St. Helena 30 

Cape 33 

Cambridge 30 

Madras 35 

Cape 40 

Greenwich 40 

Greenwich 45 

Armagh 40 

RadclifPe 45 

27) Pulkowa 45 
Paris 45 

Santiago 50 

Greenwich 50 

Cape 50 

Santiago 55 

28) Pulkowa 55 

Washington 60 

Greenwich 60 

Radcliffe 60 

Cape 60 

Paris 60 

Santiago 60 

Melbourne 60 



Table VII. Weights in Declination fob the Principal Catalogues. 
.05 0.1 .15 .2 .25 .3 .35 .4 . .5 .6 .7 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 6.0 7.0 8.0 0.0 10.0 



1 2 4 5 8 11 17 

1 4 9 18 

... 1 .. 2 .... . 

Argument, probable error. 

2 11 



28 

3 4 5 6 



8 12 18 25 35 




3 4 7 11 17 30 .69 
3 4 7 11 17 30 69 



7 10 13 
3 4 5 



14 26 



6 13 
8 19 



7 16 ... . 
7 12 22 46 



9 15 27 51 



1 . . 2 3 4 6 
6 8 13 23 38 70 . . 



7 12 



14 26 

5 7 12 22 46 

5 6 15 

18 25 

4 5 7 11 17 25 36 61 



9 13 28 80 

2 3 5 7 11 15 23 38 



5 7 11 17 25 39 61 
8 13 23 38 70 . . . . 



18 25 

6 8 13 23 38 70 



Note 1. The magnitude-equations for the two Madras Cata- 
logues are very uncertain. There is reason to believe that they 
increase more rapidly than the proportion of numerical magnitude. 
The ground for this suspicion is given in the chapter on Magnitude- 
Equation, -4. J. .536. 

Note 2. The corrections for Pulkowa 92 (right-ascensions of 
secondary standards determined with the Transit) rest on the com- 
parison of only 148 stars with the Standard Catalogue. Many of 
these stars depend upon a comparatively small number of observa- 
tions. For observed Jam we have 



Mag. Pa 



Ja„ 



1.9 


8 


-hO.Oll 


3.1 


28 


—0.005 


4.0 


94 


-H).005 


4.9 


80 


-1-0.006 


6.0 


17 


-f0.006 



All the corrections for this catalogue in the present tables must l>e 
regarded as approximate only. 

Note 3. The corrections for Albany 98 are intended to apply, 
not to the positions obtained in the preliminary reductions on quasi 



fundamental principles, but to the positions to be published in the 
final catalogue for 1900. 

Note 4. Struve^s right-ascensions as published in '* Catalogue 
I," Part II, Volume I, of the Dorpat observations, were corrected 
(by means of the equations given for each star of the Catalogue) to 
the aberration, 20'.60, and nutation, 9'. 224. Large corrections 
were also applied to the catalogue positions on account of the 
adopted corrections to the assumed right-ascensions of Stbute's 
six standard stars, as follows : 



-1-0.21 
-1-0.24 
-h0.18 



The corrections given in Tables II and III apply to Stbuve's 
right-ascensions so treated. The right-ascensions of ** Catalogue II," 
1814, were reduced to Catalogue I by the application of the follow- 
ing correction, 

-I-0M8 — 0-.0442i'-f [-f-'.OlO-H.OSl sin (268^-ha)] sec 3 

V is taken from Catalogue II. 



I Capella, 


-1-0.17 


IV 


a Peraei 


II a Lyrae^ 


-1-0.17 


V 


3 Cassiopeae, 


II a Cygniy 


-1-0.18 


VI 


£ Urs. Maj., 
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Catal. 



Wte. 





Greenwich 


64 


29) Cape 


Go 




Brassels 


65 




Pulkowa 


65 


.30) 


LeideD 


67 




Melbourne 


70 




Greenwich 


72 




Madras 


75 




Washington 


75 




Pulkowa 


75 




Harvard 


75 


31) 


Cordoba 


75 




Paris 


75 




Cape 


80 




Melbourne 


80 




Greenwich 


80 




Pulkowa 


85 




Cape 


85 




Strassburg 


85 




Radcliffe 


90 




Cape 


90 




Greenwich 


90 




Madison 


90 


24) 


Berlin 


90 




Munich 


92 




Mt. Hamilton 


95 




Berlin 


95 




Wien-Ottak. 


97 


32) 


Albany 


98 



Table VII. Weights in Dbclihation for the Principal Catalogues. — Cont. 



.05 .1 .15 .2 .25 .3 



.35 



.5 



.6 



1.0 1.5 2.0 2.5 3.0 3.5 4.0 6.0 6.0 7.0 8.0 9.0 10.0 



1 
2 



2 
4 
3 



3 
5 
6 

1 



5 7 11 15 23 38 
7 11 17 25 39 61 



9 11 15 19 27 



16 30 



12 3 



4 
1 



1 
5 



1 .... 2 . . 3 
. . . . 2 . . 3 4 
7 8 10 14 20 30 



2 

1 



2 

1 

5 

2 
3 



6 
3 
4 



7 
5 
5 
2 
3 



2 
2 
3 



4 7 13 28 

5 7 11 17 25 38 61 



4 
1 
4 
3 
5 

4 
3 
2 
1 
1 



5 8 11 15 19 24 30 41 61 91 ... . 
3 4 5 7 9 11 13 18 24 34 46 66 



9 12 21 36 61 

7 11 

6 8 13 23 38 70 ... . 

3 5 7 10 14 18 25 

4 5 8 13 22 36 ... . 



o 
5 

7 

6 
5 
3 



8 11 15 18 23 33 52 88 

2 . . 3 4 5 6 9 11 16 19 27 

8 12 16 22 . 30 50 

7 9 12 15 19 25 38 57 91 ... . 

11 16 22 30 42 76 



12 16 21 27 40 68 

9 12 15 19 25 38 57 91 ... . 

9 11 15 20 28 38 54 78 

4 6 8 12 19 36 . . 



8 

3 

15 



10 



3 
1 



1 . . 2 . . 3 . . 4 6 
5 8 12 17 23 30 39 60 

2 3 4 5 7 10 14 . . 



8 12 19 36 



Note 5. Under Konigsberg 20 are designated the right-ascen- 
sions of circumpolar stars observed by BfissBLf and reduced by 
Aboblandeb, Volume VI, p. XV, of the Konigsberg observations. 
These correspond to Bbssel's equinox of 1815 ; but are, otherwise, 
supposed to be homogeneous with Bessel^s right-ascensions of 
time stars wfth the Reichenbach circle. 

Note 6. The corrections in right-ascension for the General Cata- 
logue, Cordoba 1875, apply to the mean for the years, 1872-1880, 
inclusive. The following corrections are adopted in order to reduce 
the right-ascensions, clamp east, to the mean. For right-ascensions, 
clamp west, the opposite sign must be employed. 
Cobrections, Clamp East. 
8 Corr. 8 Corr. 






—.006 


—46 


-f.029 


■ 5 


—.001 


50 


-f.080 


10 


-h.004 


66 


-f.030 


15 


-I-.009 


60 


-I-.030 


20 


-h.ou 


66 


+.030 


26 


+.018 


70 


-h.030 


30 


-f.023 


75 


-f.030 


35 


-I-.027 


80 


-h.030 


40 


-I-.028 


85 


-h.030 



The clamp was east in 1872, 1876.67 to 1877.0, 1878, 1880 to 1884. 

Note 7. The values of Jo* for the Cape Catalogue for 1880, are, 
in part, treated by zones. Thus at —36*^, —45°, —65°, —65° and 
— 75° in Table III, two values of Ja* are given. The uppermost in 
each case p»ertains to the zone of lesser declination, the lowermost 
to that of greater declination. The great leap at — 55° seems to be 
well established. Since, for nearly all the stars compared with the 
Standard Catalogue the number of observations is only three, the 
present results for the zones can only be regarded as approximate. 

Note 8. The line in Table IV referring to Bbadley, 1755, and 
marked ** N,^' is applicable to declinations from Quadrant North ; 
the lower line to those from Quadrant South. The curve of J3« for 
Bradley is too irregular to admit of accurate interpolation from a 
table given for intervals of 6° only. A table for Bradley's decli- 
nations will be found in A.J, 546. J As is applicable to the decli- 
nations formed (without the correction, ** Jz ") from zenith-distances; 
jSi applies to declinations from the Catalogue. 

Note 9. The corrections for Dorpat 30 (Positiones Medice) are 
applicable to the catalogue declinations revised by the addition of 
'* Correctiones UUimce,'' p. 367, P.M. 



Digitized by 



Google 



210 



THE ASTRONOMICAL JOURNAL. 



JN*"- 549-550 



Note 10. Madras 35 refers to Downing*8 new edition of Tay- 
lor's Catalogue for 1835. 

Note 11. Radcliffe 1845. The corrections in Tables IV and V 
correspond to the catalogue declinations corrected for the qoantities 
given in the table, p. viii, of the introduction to the Catalogue. 

Note 12. The corrections in Tables IV and V for Cape 60 are 
very uncertain, owing to the very small number of observations of 
the principal stars contained in the Catalogue. 

Note 13. As might naturally be expected from the long period 
embraced in Yarnall*8 Catalogue there is great uncertainty in 
J3« . South of — 20° it is assumed to be zero. 

Note 14. The values of JS* for Cape 80, adopted in Table IV, 
are determined from comparison with the Standard Catalogue in 
zones. The second line applies to the zone — 25** to — 36** ; the 
third line to — 35° to — 45° : and the fourth line, to all declinations 
south of —45°. 

Note 15. ** W.-Ott. 97 " indicates Grossman's Catalogue of 
declinations observed at Von Kuffner's Observatory In Wien-Ottak- 
ring, and published in Abh.f Kon. Sachs. Ges, der Wiss.^ Band 
XXVII, Leipzig. 

Note 16. To the declinations of the Williamstown observations 
(Melb. 60) are first applied the corrections on account of latitude, 
graduation error, and flexure, contained in the table at p. xxi of the 
introduction to the Catalogue (Melb, 06»., Vol. I). Table V refers 
to the declinations thus corrected. 

Note 17. The process by which J& for Madras 1875 was ob- 
tained assumes that a large part of the error of that Catalogue is 
due to the faulty application of division-correction. Shortly after 
the publication of that Catalogue, I compared it with the system B« 
(Am.Ephem. 1881-1899) audits southward extension, B* (^. J.448-50). 
This comparison not only indicated recurrence of systematic errors 
at intervals of 60°, but also that these errors would have been far 
less striking if the correction for error of graduation had been ap- 
plied in the reductions with the opposite sign. The following 
exhibit contains, in the first column, the effect of division correction, 
D, as adopted in the reductions for the Catalogue ; in the second 
column, the division correction, Dq , as it results from comparison of 
the Catalogue declinations with the Standard Catalogue ; and in the 
third column that part of adopted J& which is found to recur at 
intervals of 60°. 

Analysis of Madras Declinations (1875). 



D 



Do 



Dc 



3 D 



Do 



De 



60 


-.35 


+.32 


-h.68 


+30 


—.22 


+.36 


+.57 


57 


—.16 


+.34 


+.47 


27 


—.40 


+.19 


+.61 


54 


-I-.20 


—.13 


—.25 


•24 


-.63 


+.15 


+.76 


51 


-h.27 


+.01 


—.27 


21 


—.51 


+.31 


+.81 


48 


-f.l3 


—.02 


-.08 


18 


—.22 


-h.23 


+.49 


45 


H-.oi 


—.02 


—.18 


15 


-.07 


+.23 


+.28 


42 


-I-.03 


—.56 


—.39 


12 


+.08 


+.04 


—.04 


39 


+.27 


-f.04 


—.27 


9 


+.31 


—.28 


—.59 


36 


-f.20 


—.10 


—.28 


6 


+.11 


—.56 


—.64 


33 


—.05 


-f.25 


+.30 


3 


—.29 


—.18 


+.06 



De represents the smoothed discrepancies which actually exist be- 
tween the declinations of the Standard Catalogues, B* and B, and 



those of Madras 75 ; Dc + 2D represents the discrepancies which 
would have existed if the correction for graduation error had been 
applied in the reductions with the contrary sign. Taking the dis- 
crepancies without regard to sign we have : 



Z [D,] = S'.C 



S [D,+2D] = 4'.04 



Therefore the agreement with the Standard Catalogue would have 
been twice as good if the correction for error of graduation had been 
applied with the opposite sign. The new system of declinations, B, 
differs so little in 1875 from B^ and B, that I have not thought it 
worth while to repeat this investigation. 

The general curve of J^a for Madras 75 has been slightly modified 
in places to conform better with the system, B. 



Adoptkd Values of JSa for Madkas 75. 



J8, 



J& 



J& 



JSa 



-1-80 


+.26 


-1-42 


—.45 


+ 4 


—.34 


-34 


-1-0.91 


79 


+.17 


41 


—.49 


3 


.00 


35 


+ .96 


78 


+.07 


40 


—.26 


2 


+.36 


36 


+1.09 


77 


_.01 


39 


—.27 


+ 1 


+.46 


37 


+1.24 


76 


_.07 


38 


—.38 





+.66 


38 


+1.23 


75 


_.04 


37 


—.40 


— 1 


+.69 


39 


+1.16 


74 


—.06 


36 


—.36 


2 


+.66 


40 


+1.11 


73 


— 14 


35 


-.17 


3 


+.48 


41 


+ .99 


72 


_.31 


34 


-I-.09 


4 


+.24 


42 


+ .89 


71 


-.47 


33 


-f-.29 


5 


„05 


43 


+ .80 


70 


—.64 


32 


-h.42 


6 


—.24 


44 


+ .73 


69 


—.81 


31 


+.50 


7 


_.35 


45 


+ .75 


68 


—.97 


30 


+.54 


8 


—.29 


46 


+ .72 


67 


—.93 


29 


+.56 


9 


—.19 


47 


+ .64 


66 


—.84 


28 


+.58 


10 


—.09 


48 


+ .46 


65 


-.70 


27 


-|-.«0 


11 


+.01 


49 


+ .30 


64 


—.45 


26 


-f..60 


12 


+.07 


60 


+ .13 


63 


—.09 


25 


+.62 


13 


+.09 


51 


— .04 


62 


+.27 


24 


+.76 


14 


+.05 


52 


— .18 


61 


+.49 


23 


+.92 


15 


+.01 


53 


— .12 


60 


+.60 


22 


-I-.92 


16 


—.06 


54 


.00 


59 


+.63 


21 


+.85 


17 


—.11 


55 


+ .16 


58 


+.69 


20 


+.79 


18 


—.22 


56 


+ -44 


57 


+.41 


19 


+.67 


19 


—.25 


57 


+ .82 


56 


+.16 


18 


+.55 


20 


—.02 


68 


+1.21 


65 


—.13 


17 


+.44 


21 


—.02 


59 


+1.46 


54 


—.34 


16 


+.34 


22 


—.12 


60 


+1.60 


53 


-.45 


15 


+.33 


23 


—.15 


61 


+1.7 


52 


—.39 


14 


+.28 


24 


—.10 


62 


+1.7 


51 


—.31 


13 


+.16 


25 


+ 10 


68 


+1.6 


50 


-.23 


12 


—.02 


26 


+.37 


64 


+1.4 


49 


—.15 


11 


—.22 


27 


+.69 


66 


+1.2 


48 


—.10 


10 


—.41 


28 


+.71 


66 


+1.1 


47 


—.11 


9 


—.62 


29 


+.81 


67 


+1.2 


46 


-.16 


8 


—.79 


30 


+.86 


68 


+1.4 


45 


-.22 


7 


-.78 


31 


+.89 


69 


+1.7 


44 


—.27 


6 


—.70 


32 


+.91 


—70 


+2.0 


+43 


—.35 


+ 5 


—.58 


—83 


+.93 







Note 18. As the result of an analysis of Gould's General Cata- 
logue made some years ago, but not published, combined with the 
studies for the present Standard Catalogue, we have the following 
table of corrections, which are intended to serve as the means for 
reducing the declinations obtained in each position of the circle to 
the mean of eight positions, 1872 to 1880. Having reduced the 
declinations of separate years to the mean, the corrections given in 
Tables IV and V are still to be applied. As in the case of Madras 
35, Cape 50, Cape 80 and the Santiago catalogues, the determination 
of accurate tables of J 8* and JSa for the separate years of Gould's 
Catalogue is a problem for the future, to be solved by the use of a 
great number of additional secondary standards. 
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COBDOBA 75. 


^K 


ro Reduce Separate Yeabs to 










Catalogue Mean. 








ear 






74.0 


75.67 


















to 


to 












S 


72 


73 


75.67 


77.0 


77 


78 


79 


80 


I 


O 


g 


V 


g 


M 


jr 


9 


# 


» 


o 





+.72 


—.09 


—.10 


+.33 


—.29 


—.64 


—.63 


+.59 





- 5 


+.78 


—.10 


—.17 


+.20 


—.32 


—.38 


—.62 


+.54 


— 5 


10 


+.83 


—.11 


—.20 


+.18 


—.38 


—.22 


—.59 


+.48 


10 


15 


+.87 


—.14 


—.13 


+.10 


—.44 


—.15 


—.53 


+.42 


15 


20 


+.89 


—.17 


—.06 


+.02 


—.49 


—.11 


—.43 


+.34 


20 


25 


+.88 


—.19 


.00 


—.02 


—.52 


—.12 


—.28 


+.28 


25 


30 


+.72 


—.19 


-f-.oi 


+.06 


—.51 


—.14 


—.25 


+.26 


30 


35 


+.54 


—.17 


+.01 


+.19 


—.40 


—.18 


—.23 


+.23 


35 


40 


+.47 


—.17 


-l-.Ol 


+.27 


— .;50 


—.24 


—.20 


+.19 


40 


45 


+.41 


—.17 


-h.06 


+.25 


—.25 


—.32 


—.13 


+.15 


45 


50 


+.36 


—.15 


-f.13 


+.22 


—.18 


—.38 


—.04 


+.12 


50 


55 


+.28 


—.15 


-K16 


+.20 


—.13 


—.41 


.00 


+.07 


55 


60 


+.23 


-.13 


-f.15 


+.18 


-.07 


—.41 


.00 


+.05 


60 


65 


+.18 


—.11 


+.12 


+.16 


—.04 


—.36 


.00 


+.03 


65 


70 


+.13 


—.00 


+.09 


+.12 


.00 


—.29 


.00 


.00 


70 


75 


+.10 


—.06 


+.07 


+.09 


.00 


—.22 


.00 


.00 


75 


80 


+.0« 


—.04 


-I-.04 


+.06 


.00 


—.15 


.00 


.00 


80 


85 


+.03 


—.02 


+.02 


+.03 


.00 


—.07 


.00 


.00 


85 


-90 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


—90 



Ja , TO Reduce Separate Tbabb to Catalogue Mean. 



KA. 






—.02 


+.09 


+.14 


-.16 


—.08 


—.19 


—.01 


1 


+.01 


+.05 


+.20 


—.12 


—.09 


—.24 


—.02 


2 


+.04 


+.01 


+.24 


—.08 


—.09 


—.28 


—.02 


3 


+.06 


—.05 


+.26 


—.03 


—.10 


—.30 


—.03 


4 


+.08 


—.09 


+.27 


+.02 


—.09 


—.30 


—.04 


5 


+.10 


—.12 


+.26 


+.08 


—.08 


-.27 


-.03 


6 


+.11 


—.16 


+.23 


+.13 


—.06 


—.23 


—.03 


7 


+.11 


—.17 


+.19 


+.16 


—.04 


—.17 


—.03 


8 


+.10 


—.18 


+.12 


+.18 


—.02 


—.11 


—.02 


9 


+.09 


—.17 


+.06 


+.20 


+.01 


—.03 


—.01 


10 


+.07 


—.16 


-.01 


+.20 


+.03 


+.05 


.00 


11 


+.05 


—.13 


—.08 


+.19 


+.06 


+.13 


+.01 


12 


+.02 


—.09 


—.14 


+.16 


+.08 


+.19 


+.01 



+.37 
+.30 
+.21 
+.09 
—.02 
—.13 
—.23 
—.82 
—.40 
—.43 
—.44 
—.42 
—.37 



R.A. 

h 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 



When the argument for J8« is on the right, employ the opposite 
sign. 

Note 19. The weight in right-ascension of Bradley is com- 
puted on the supposition that the equatorial probable error is 
dbO".13 sec 3 ; and the circumpolar probable error, ±0^.087 sec 3 (cor- 
responding to 60° of declination) ; and that the minimum possible 
probable error is nominally ±0».0087. But since there are elements 
of systematic error which it would be difficult to determine (especially 
as to J&.) it is thought best not to assign any weight exceeding 0.4. 
Between +30° and +60° the weights may be interpolated. For 
equatorial stars we have : 



Obs. 


Pa 


1 


0.025 


2 


0.05 


3 


0.07 



Note 20. In greater detail we have for the weight of Piazzi'i 
right-ascensions : 



Obs. 


p. 


Obs. 


p. 


5-7 


0.03 


20-26 


0.07 


8-9 


0.04 


27-.34 


0.08 


10-14 


0.05 


35+ 


0.1 


15-19 


0.06 







Note 21. For Madras 35, Downing's new edition of Taylor's 
Catalogue, it has been our practice to assign half weight to the 



catalogue positions north of +66° and south of — 30". There ap- 
pears to be a relatively large number of anomalous residuals. 

Note 22. The weights for the right-ascensions at Pulkowa, de- 
termined by means of the great transit, appear to be larger for high 
declinations in all the series : and in a greater ratio, of course, for 
Pulkowa 1845. lu Table VI, the assumption is that for the right-ascen- 
sions of all stars north of the Pulkowa zenith the weights shall be taken 
from the line marked ** N " for the Pulkowa Catalogues ; between 
+20° and +60° the weights should be interpolated between ** S,'' as 
for +20°, and " N," as for +60°. The diflferential weights for 
Pulkowa 92 appear to be somewhat larger than those assigned in the 
table, but it seemed best to await more evidence before accepting 
this larger weight. 

Note 23. The weights in right-ascension for Cordoba 75 (Gould's 
General Catalogue) correspond to a single clamp. 

Note 24. Dr. Auwers has pointed out that the weights for the 
stars used as standard by KCstneb are greater than for the others 
(A.N,^ Bd. 161, s. 227). No distinction has been made in the present 
discussion ; though it is undoubtedly real. The lower grade of 
weights has been adopted. 

Note 25. The weights for Albany in right-ascension are for a 
single clamp. 

Note 26. In substantial conformity with Table YII the weight 
in declination for Bbadley can be computed from the table, p. 21, 
of the introduction to the catalogue of Auwebs, through multipli- 
cation of the numbers in that table by 0.075 ; but this factor should 
be very decidedly decreased for zenith distances greater than 75°. 
For stars observed in two positions of the quadrant, or both below 
and above pole, the adopted weight may be the sum of the weights 
for the separate positions. 

Note 27. For the Pulkowa vertical circle the weights between 
declinations, +55° and +65°, where the method of reversal is not 
followed, should be reduced to two-thirds of the values given in 
Table VII. Since the probable error of a single observation is very 
small the diminution of weight with zenith distance is more rapid. 
The following schedule of factors has been adopted : 



8 



Factor 



+10 


0.9 





0.6 


—10 


0.4 


—15 


0.3 


—20 


0.1 



Note 28. The number of observations most frequently occurring 
in Pulkowa 1855 is four. The weight in declination corresponding 
to this is 0.8. 

Note 29. The weight in declination for Cape 65 within 10° or 
15° from the pole seems to be decidedly greater than for zenithal 
stars. 

Note 30. Weight, 4, has been assigned to declinations taken 
from the Leiden Annals, Volume II, and weight, 5, to the declina- 
tions of 57 fundamental stars, A.N,, Bd 80, s. 93. 

Note 31 . The weights for the Cordoba declinations, as given in 
Table VII, refer to the result for a single position of the circle. 
The weight assignable to the declination deduced from a combina- 
tion of the several positions is the sum of the separate weights. 

Note 32. The weights in declination assigned to Albany 1898 
are due to one of the four positions : Circle AE, AW, BE, BW. 
The adopted weight is the sum of these separate weights. 
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ON THE APPARENT EXTENT OP THE ILLUMINATION SURROUNDING A 
NEW STAR ON THE HYPOTHESIS THAT IT IS REFLECTED LIGHT, 

By SIMON NEWCOMB. 



Mr. Otto C. Luytivs, of Baltimore, has called my atten- 
tion to a lack of rigor in the method heretofore adopted of 
estimating the apparent magnitude of the illuminated 
nebula surrounding a new star, on the supposition that it 
shines by reflecting the light of the star. The method as 
hitherto applied rests on the supposition that the apparent 
radius of illumination at any moment is determined by a 
tangent drawn from the earth to the surface of the sphere 
of illumination. The fault consists in leaving out of con- 
sideration the fact that the light sent out by the star in 
directions near that of the earth will reach us at an earlier 
moment than it will if sent out at right-angles to that 
direction. The rigorous method of treatment is this: 
Let S be the position of the star, £ that of the earth, and 
F that of a particle in the neighborhood of the star. Put 
p, the distance SP of the nebulous particle from the star. 
$, the angle ESP made by the direction of the ray with 

that of the earth, 
r, the interval between the time at which outburst of star 

is seen from the earth, and time of observation. 
Vy the speed of light. 
IT, the parallax of the star. 
<r, the angular radius of illumination, as seen from earth. 

We shall proceed on the supposition that the outburst 
was a momentary one, which immediately subsided. Then, 
at the time r after the outburst is seen, the reflected light 
visible from the earth will be that from all the particles 
which -fulfil the condition : 
(1) EP-h PS- ES = VT 

Owing to the minuteness of the ratio PS to EP and 
ES we may treat the lines EP and ES as parallel, so that 
ES — EP = p cos e 

The equation (1) therefore gives us p(l — cos^) = vr, 

which is the equation of the required surface. 

The apparent radius of the surface, as projected upon 
the sphere, will be 

^ . VT sin TT 

<r = p sin ^ sin TT = ^-^ 

tan i $ 

or, if we express o- and ir in seconds of arc, 

__ VTir 
^ ~ tan ^^ 



This equation implies that we take the earth's mean dis- 
tance from the sun as the unit of length. Taking also the 
day as the unit of time we shall have v = 174, and the 
radius of the apparent illumination will become 

" = tl^^ (^> 

This value increases indefinitely with smaller values of 0. 
There is, therefore, no well-defined limit to the apparent 
radius of illumination. The practical limit will depend on 
the distance to which the nebula extends in the direction 
of the earth, and upon its density. If we put a iot this 
distance, or for the maximum value of p, the minimum 
value of $ will be given by the equation (2) in the form 



2sin'i^ = 



vr 



(4) 



By substituting this expression in (3) we have for the 
limitized value of <r 

^1 = V2arT . IT COS^^ (5) 

It will be seen that the visible extent of the illumination 
at any moment is in form a function of two completely un- 
known quantities, a and ir. In addition to this we have 
another unknown element in the distance at which the 
light would cease to affect the photographic plate, owing 
to the faintness of the reflection. I conceive that it would 
be unprofitable to make hypotheses as to the magnitudes 
of these uncertain quantities. 

The tacit assumption on which Kapteyn based his esti- 
mate is that of ^ = 90**. Then, <r being determined from 
the Lick photographs, the value of -r was derived. His 
result was 0'^.02. I regard so large a parallax as this as 
altogether without the bounds of reasonable probability, 
believing that ir is more likely to be less than one-tenth of 
this quantity than greater. Assuming it as great as one- 
tenth, the illumination would have had to expand with 
ten times the speed of light in order to make its apparent 
speed that seen on the Lick photographs. The enigma in- 
volved in this conclusion seems to be solved by the con- 
siderations just set forth. The principal difficulty which 
is still left is the faintness of the reflection at the great 
distances from the star at which the reflecting particles 
must have been found. The more likely hypothesis seems 
to be that we have to do with corpuscles thrown out from 
the star with a speed approximating to that of light. 
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NOMENCLATURE OF 


NEWLY DISCOVERED VARIABLE 


STA 


RS, 




Provis. 




Position of 1900.0 


Prec. 


1900 


Chart-Place 


Magnitude 




Notation 
A.N. 


Name 


R.A. 


Decl. 


R.A. 


Decl. 


R.A. 


Decl. 


Max. 


Min. 








b m 8 


o / 


■ 


/ 


h m 8 


o ; 






~ 


11.1903 


RU Andromedae 


1 32 47 


4-38 9.5 


+ 3.49 


+ 0.31 


1 30 11 


+ 37 55.6 


9 


13 


ph 


15.1903 


Z Cephei 


2 12 48 


+81 13 


+ 7.81 


+0.28 


2 7 6 


+81 


9.10 


^13 


pk 


56.1903 


RR Cephei 


2 29 23 


+ 80 42.3 


+8.03 


+ 0.27 


2 24 15 


+80 30.2 


9 


<13 


ph 


14.1902 


Z Fersei 


2 33 40 


+ 41 46.1 


+3.81 


+ 0.26 


2 30 50 


+41 34.3 


9 


12 


V 


22.1903 


X Camelopardalis 


4 32 36 


+ 74 56 


+ 7.68 


+ 0.12 


4 26 48 


+ 74 50 


9 


13 


ph 


5.1903 


RS Tauri 


5 46 3 


+ 15 51.3 


+ 3.45 


+0.02 


5 43 28 


+ 15 50.3 


8.9 


1011 


V 


1.1903 


Z Aurigae 


5 53 39 


+53 18.0 


+ 4.86 


+0.01 


5 50 3 


+ 53 16.9 


9 


11 


" 


20.1903 


W Camelopardalis 


6 12 


+75 32 


+ 8.25 


-0.02 


6 5 48 


+ 75 32 


10.11 


12 


ph 1 


14.1903 


RS Geminorum 


6 bi* 14 


+ 30 39.8 


+3.84 


-0.08 


6 52 21 


+30 43.3 


9.10 


11.12 


ph 


9.1903 


Z Geminorum 


7 1 36 


+22 41.0 


+ 3.61 


-0.09 


6 58 53 


+22 44.9 


9.10 


<12 


V 


16.1903 


RR Monocerotis 


7 12 27 


+ 1 16.6 


+3.10 


-0.10 


7 10 7 


+ 1 21.2 


9 


<13 


ph 1 


13.1903 


RR Geminorum 


7 15 11 


+31 4.2 


+ 3.83 


-0.10 


7 12 18 


+ 31 9.0 


10 


11.12 


ph\ 


21.1903 


Y Camelopardalis 


7 27 39 


+ 76 16.9 


+ 8.15 


-0.12 


7 21 30 


+ 76 22.3 


9.10 


<11.12 


ph 


4.1902 


Y Geminorum 


7 3b 16 


+ 20 39.6 


+ 3.53 


-0.13 


7 32 37 


+ 20 45.3 


8.9 


_ 


ph 


2.1903 


Y Draeonis 


9 31 5 


+ 78 18.2 


+ 6.98 


-0.27 


9 25 47 


+ 78 30.1 


9 


13 


ph 


3.1903 


W Ursae Maj. 


9 36 44 


+ 56 24.6 


+ 4.25 


-0.27 


9 33 32 


+ 56 36.7 


8 


9 


V 1 


4.1903 


Z Dracojiis 


11 39 49 


+ 72 49.0 


+ 3.45 


-0.33 


11 37 12 


+ 73 4.0 


9.10 


12.13 


ph : 


57.1903 


T Ursae min. 


13 32 38 


+ 73 56.4 


+ 1.25 


-0.31 


13 31 42 


+ 74 10.2 


9 


<13 


ph^ 


29.1903 


STHerculis 


15 47 47 


-h48 47.1 


+ 1.79 


-0.18 


15 46 27 


+48 55.4 


7.8 


8.9 


V 


18.1902 


W Coronae 


16 11 50 


+ 38 2.7 


+ 2.14 


-0.15 


16 10 14 


+38 9.6 


7.8 


13 


V 


31.1903 


SU Herrulis 


17 44 42 


+ 22 34 


+ 2.52 


-0.02 


17 42 48 


+ 22 35 


10 


<12 


ph 


76.1901 


RT Ophiurhi 


17 51 51 


+ 11 10.9 


+ 2.81 


-0.01 


17 49 45 


+ 11 11.5 


9 


<10 


V 


19.1903 


RZ Lyrae 


18 39 54 


+ 32 41.7 


+ 2.23 


+0.06 


18 38 14 


+ 32 39.1 


10 


11.12 


pk 


17.1903 


RY Lyrae 


18 41 15 


+ 34 34.0 


+ 2.17 


+0.06 


18 39 38 


+34 31.4 


10 


12 


ph 


17.1902 


R W Lyrae 


18 42 7 


+43 31.9 


+ 1.82 


+ 0.06 


18 40 45 


+ 43 29.2 


9 


<12 


ph \ 


10.1903 


RX Lyrae 


18 50 27 


+ 32 42.3 


+ 2.23 


+0.07 


18 48 46 


+32 39.0 


11 


<15 


ph ' 


55.1903 


VWCygni 


20 11 21 


+ 34 11.8 


+ 2.31 


+ 0.18 


20 9 37 


+ 34 3.7 


9.10 


11.12 


ph ■ 


21.1902 


V Sagittae 


20 15 46 


+ 20 47.3 


+ 2.65 


+0.19 


20 13 47 


+ 20 39.0 


9.10 


13 


ph . 


16.1902 


Z Delphini 


20 28 3 


+ 17 6.2 


+ 2.74 


+ 0.20 


20 26 


+ 16 57.2 


9 


<11 


ph 1 


15.1902 


Y Delphini 


20 36 52 


+ 11 30.9 


+ 2.86 


+ 0.21 


20 34 43 


+ 11 21.5 


9.10 


<13 


tf j 


58.1903 


VX Ciigni 


20 53 34 


+ 39 47.5 


+ 2.26 


+0.23 


20 51 52 


+39 37.2 


9 


9.10 


ph 1 


20.1902 


VV Cygni 


21 2 20 


+ 45 22.6 


+ 2.12 


+0.24 


21 45 


+45 11.9 


11 


<12 


ph 


19.1902 


RT Pegasi 


21 59 49 


+ 34 38.2 


+ 2.61 


+0.29 


21 57 51 


+34 25.3 


9.10 


13.14 


V 


. . 


RS Andromedae 


23 50 19 


+ 48 4.9 


+3.01 


+0.33 


23 48 4 


+ 47 49.5 


7.8 


8.9 


ph ; 


12.1903 


Nova Geminorum 


6 37 49 


+ 30 2.6 


+ 3.83 


-0.05 


6 34 b(S 


+30 5.0 


5 


- 


— 1 



The Committee for the A.G. Catalogue of Variable Stars : 
DuN^R, Hartwtg, Muller, Oudemans. 
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ON THE LIGHT- VARIATIONS OF 320 U CEPHEI, 

By PAUL S. YENDELL. 



The announcement of the variability of U Cephei, by 
Ceraski, in 1880 {A.N., Vol. 97, s. 319), attracted much 
attention among the observers of variable stars, it being 
the first of its type, of which at that time but five were 
known, that had been found since Winnecke's discovery 
of U Coronae in 1869. 

Many observers at once turned their attention to the 
star. Glasenapp, Wilsing, Knott, Schmidt, Pickering, 
the Baxendells, father and son, published numerous ob- 
servations during the early years. 

Although the main peculiarity of its light-curve was at 
once noticed, the work of these observers was for the most 
part directed to the investigation of the star's elements of 
variation, rather than to the course and character of its 
light-changes. Knott's numerous observations, extending 
from the time of the star's discovery until 1889, are mostly 
confined to the three hours on either side of the minimum, 
and very few of them were made during the time of the 
star's normal brightness. 

The earliest mean light-curve which is known to me is 
by Pickering, and was formed from about three hundred 
photometric observations made at the Harvard Observa- 
tory. It was published in 1881, in the Proceedings of the 
American Academy of Arts and Sciences, Vol. XVI. A 
discussion of the star variations, including a mean light- 
curve, was published by Wilsing in 1884 {A.N., 2596). 
In 1889, Chandler {A.J.^ Vol. IX, p. 49), published a dis- 
cussion of the star's elements of variation, with "Spring" 
and "Autumn" light-curves, showing the course of the 
light-changes, with a comparison of the same with the 
above mentioned curves of Wilsing and Pickering. Since 
the date of Chandler's paper, the only mean light-curve 
of U Cephei that has come to my knowledge is one by 
BoHLiN, of Upsala, from observations made in 1896, and 
published in the A.N., 3762. 

I began work on U Cephei in 1888, and since that time 
no year has passed without my securing more or less obser- 
vations of it, although there have been several years 
during which I have observed no minimum. 



Early in the nineties I began to observe the star with a 
view to the accumulation of material for a mean light- 
curve of a more or less definitive character, setting my 
minimum number at a thousand observations, and keeping 
in view the purpose of securing as nearly as possible as 
many of the Spring as of the Autumn curve. The latter 
I aim, however, has not been accomplished, mostly from con- 
I ditions dependent on the weather, and when in 1902 the 
desired number of observations had been secured, the 
I Autumn observations were so far in the majority that 
I when the list was closed only about one-fourth of the 
! whole number of observations represented the Spring curve. 
I In the Spring of 1902 I began to collect material from 
\ other observers, with the idea of forming a general mean 
! curve from as many different series of observations as I 
could get together. I already had the published work of 
I Knott. Baxendell kindly sent me in manuscript his 
j own and his father's observations. Chandler, Plassman, 
Sperra and Schwab all transmitted theirs, so that, in- 
I eluding my own material, I had nearly three thousand 
i observations available for my purpose. 
I Upon further consideration of this plan, the probability 
suggested itself that the personal differences in the work 
I of the various observers would be likely so far to affect the 
j general result as to detract largely from its value ; and after 
! carefully weighing the matter, I abandoned the idea, and 
each observer's work has been treated by itself. Each 
, series, including my own, was divided into convenient 
i groups in the order of time, and separate mean curves 
made from the various groups, giving a sequence of 
I curves, representing as many mean epochs, from 1880 till 
1903. It was thought that in this way, any progressive 
change in the course of the light-variations might be 
brought out. 

At the outset, I intended to make use of the Harvard 
' Photometry scale of magnitudes, as being the only one 
available for stars of all the magnitudes included in the 
light-range of the variable. Magnitudes for the comparison- 
stars used were kindly furnished for the purpose by Prof. 

(213) 
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Pickering. But the values for the stars b and d were 
discordant with their relative values, according to both my 
own and Knott's light-scales, and after reducing a number 
of observations, I found that the form of the light-curve 
near the minimum was seriously distorted by this dis- 
crepancy. Light-scales were then formed from the other 
series of observations, and with one exception the same 
discordance was found to exist in each case. The use of 
the Harvard magnitudes was thereupon abandoned. 

It so happened, however, that very shortly after the 
reductions had been discontinued for this reason, and when 
I had almost decided to make use of the provisional mag- 
nitude scale formed from my own step-scale, which I had 
previously used. Dr. Mi'ller, of the Potsdam Astrophysi- 
cal Observatory, most kindly offered to make photometric 
measures of these comparison-stars for the purpose of this 
work, which offer I very thankfully accepted. His results, 
coming to hand in August, 1902, proved to be accordant in 
relative values with all the light-scales excepting the one 
already alluded to, so that simple relations between them 
were readily established, and the work was resumed. The 
subjoined table includes the comparison-stars used in all 
the series under consideration. The first column gives the 
letters by which they are designated ; the second their 
DM. numbers ; the third, headed HP., the Harvard Pho- 
tometry magnitudes ; and the fourth, headed P, the Potsdam 
measurements. 

DM. HP ^'" P 

k 81 13 6.40 (wv 6.58 

e 18 7.54 7V-V 7.43 

/ 30 7.89 /v 3.04 

p 80 34 7.72 77-7.76 

m 8134 8.56 - 8.52 

ff 8127 8.46^^5-8.53 

h 29 S,5S c.^s 8.57 

a 80 21 8.82 s* '8.93 

b 22 9.42 >» 9.17 

d 81 22 9.00 - 9.29 

c 80 83 - 9.44 

The elements on which the present curves were based 
were suggested by Chandler. They satisfy the whole of 
the observations at my disposal, at least as well as any 
yet proposed. The elements of 1897 had ceased to repre- 
sent the star's variations ; the departure from them began 
about 1894, and has gone on increasing, until in the autumn 
of 1902 the minima were nearly three hours late by them. 
(See also Hartwig's VJS Ephemerides, for 1902, p. 269, 
and 1903, p. 285). 

It was therefore necessary to find elements which would 
fairly represent the observed dates, and the following sug- 
gested as above, satisfy the list of minima hereinafter to 
be given with an average departure of about eight minutes, 
the algebraic mean of the 0— C being — 0"'.48, correspond- 
ing to Epoch 1533. 



Chandler's Elements. 
1880 June 23'* 7»' 43"'.5 G.M.T. -I-2M1»> 49" 44*.7 E 

In forming the curves, the first question which presented 
itself, was the division of the observations for the Spring 
and Autumn curves, as done by Wilsing and Chandler, 
and which is necessary in any discussion of observations 
of this star made by the Argelander method. 

As the difference between the two curves is undoubtedly 
the result of subjective causes, due to the varying presen- 
tation of the group formed by the star and its comparison- 
stars at different hour-angles, it appears that the dividing 
line should be drawn at the angle at which these dis- 
turbances disappear. The principal comparison-stars are 
assembled in two definite groups, the brighter ones north 
preceding the star, and the fainter ones south following it, 
and a line drawn through the approximate centers of these 
groups, and passing very near the variable, becomes hori- 
zontal and parallel to the normal position of the axis of 
the eyes at hour-angles 2^ 24" west and 9** 36" east. The 
line joining these hour-angles was accordingly taken as the 
critical line, and all observations taken at angles east of it 
were used in forming the East or Autumn curve, and all 
taken west of it for the West or Spring curve. 

The observations of each observer having been divi(ied, 
as mentioned above, into convenient groups in the order of 
time, mean curves were formed from the several groups, 
the normals for these curves being generally formed from 
five observations each, excepting in the more sparsely ob- 
served times at the beginning and end of the period of 
change ; in my own group for 1898-1902, the observations 
being numerous, the normals were formed from ten obser- 
vations each. 

The observations of the late Mr. Knott were published 
in book form in 1899, under the editing of Prof. Turner 
of Oxford. I am indebted to the kindness of Mrs. Knott 
for a copy of the volume. Knott's observations of U Cepkei 
occupy thirty-three pages of the book, twenty-six of which 
are filled by the observations themselves, which extend 
from 1880 to 1897, with a few observations on a single 
date in 1889. There are in all about 850 observations, of 
which about 660 are available for my purpose, being made 
by the Argelander method, so that they can be reduced 
homogeneously with the work of the other observers. The 
remaining observations are noted as "gauged," the gaug- 
ing having been done as a check, by the method of limiting 
apertures. The observations were grouped as follows : 





Spring 


Autumn 


1880-81 


116 


136 


1882-83 


208 


61 


1884-87 


367 


20 (no curve) 


The observations in 


1889 were only 


ten in number, and 


Lve been grouped with those of 1884- 


-87. 
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The readings from these curves are given in Table I. 

The observations of the Baxendells, senior and junior, 
were kindly forwarded to me in manuscript by the latter. 
The resulting magnitudes only are given, but as the com- 
parison-stars employed were the same as those used by 
Knott, and as the latter gives Baxendell's estimated 
magnitudes for the purpose of comparison, they were easily 
reduced to the Potsdam scale by graphic process. 

The observations of Baxendell, Sr., are 174 in number, 
extending from 1880 to 1887, and are distributed as fol- 
lows : Autumn 89, Spring 85. 

The readings from the mean curves are in Table IT. 

The younger Baxendell's observations cover a space 
from 1884 to 1887, and number 117, all except 25 belong- 
ing to the Spring curve, The Autumn curve being a 
single curve, is omitted. 

The readings are in Table II. 

Sperra's observations were transmitted in manuscript. 
There are about 180 of them, of which about one-third are 
of the star at its normal light, the rest divided between the 
Spring and Autumn curves. His mean value for the nor- 
mal light is 6«.94. 

The readings from the mean curves are contained in 
Table III. 

Chandler^s observations, to the number of 215, were 
handed to me also in manuscript. They were made in 
1887 and 1888. There are 56 which belong to the Spring 
curve, and 153 to the Autumn; the remainder are at the 
normal light, and give a mean value of 7''.21. 

The readings are given in Table IV. 

The observations of Plassmann have been sent to me 
partly in pamphlet form, and partly in manuscript, by 
himself. They are about three hundred in number, and 
form two groups, one in 1894, and the other in 1901-02. 
Those of 1894 all belong to the Spring curve, while those 
of 1901-02 are divided between the two. 

The readings are given in Table V. 

Schwab's observations were also forwarded in manu- 
script. There are in all about 250 of them, of which about 
50 are of the star at its normal light, and the rest divided 
pretty evenly between the Spring and Autumn curves, of 
neither of which, however, are both branches represented. 
The observations cover a period from December, 1900, to No- 
vember, 1902. His mean value for the normal light is 6".96. 

The readings are given in Table VI. 

My own observations of the star were begun 1888 May 
16, and when on 1902 Oct. 21, the series for that year came 
to a close, I found the total number since the beginning to 
be 1175. Twenty-three of these, depending on comparisons 
with the stars m and />, wliose values on my light-scale 
were discordant with the photometric magnitudes, were 
rejected. Of the 1152 remaining available, 866 belonged 
to the East or Autumn curve, and 286 to the West or 



Spring curve. Of these, 103 were observations of the star 
at its normal brightness, made for the purpose of ascer- 
taining whether the light at this phase were constant. 
Eighty-five were in East hour-angle, belonging to the 
Autumn curve, and 18 were of the West or Spring group ; 
it was found, however, that there was no sensible differ- 
ence between the normals formed from the two groups. 

The comparison-stars and light-scale used were as fol- 
lows : the first column gives the notation used ; the second, 
headed DM., their Durchmusterung numbers; the third, 
P, their Potsdam magnitudes ; and the fourth, Lt., my own 
step-scale, formed from all my observations to 1900 July 4, 
which was retained in the reductions, as in my judgement 
the later observations would not have sensibly changed it. 
DM P Lt. 

k 81 13 Q,b^ 31.9 
e 18 7.43 24.4 

/ 30 8.04 19.3 

g 27 8.53 14.8 

h 29 8.57 14.0 

a 80 21 8.93 9.2 

b 22 9.17 4.9 

d 81 22 9.29 1.9 

c 80 23 9.44 0.0 

By this light-scale, the value of a step is 0".114 from k 
to gy and 0".062 from g to c, being nearly twice as great 
among the brighter stars as among the fainter ones, but 
pretty constant in each group. 

The observations were divided into four groups in the 
order of time, and each group subdivided into the West 
(Spring) and the East (Autumn) groups, as follows : 

Spring Autunm 
1888-1890 15 obs 98 obs. 

1891-1894 177 339 

1895-1898 30 189 

1899-1902 122 400 

The observations of the Spring curve for the groups 
1888-1890 and 1895-1898 were so few, that no use was 
made of them excepting in the general mean curves. 

The observations were assembled in groups of five, ex- 
cepting in the Autumn group of 1899-1902, where, being 
numerous, they were grouped in tens. 

The readings for these curves are given in Table VII. 
In forming the general mean curve, 781 observations 
were found available for the Autumn curve, and for the 
Spring, 268. At the normal light, there were, as men- 
tioned above, 85 observations in East hour-angle, and 18 
in West, in all 103 ; 23 normals were formed from these. 

In forming the normals for the Autumn curve as far as 
practicable 20 observations were used for each normal, so as 
to give nearly equal weights, but at the beginning and end 
of the period of change, the observations were less numer- 
ous, and the normals are therefore formed from smaller 
groups. The corresponding normals in the Spring table 
were formed from 10 observations each. 
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Table VIII contains these normals. The column T—t 
gives the interval from the computed time of minimum ; 
M the magnitude ; Obs. the number of observations which 
make up each normal ; and v the departure of each normal 
from the curve as drawn. 

The last 15 normals in the Autumn table, and the la^t 
8 in the Spring one fall in the time of the star's normal 
brightness. They give no indication of any real fluctu- 
ation in brightness during that part of the period, the 
average departure from a mean of T^'.OO being 0".03, and 
the probable error of a single normal ±0".02, the residuals 
being pretty impartially distributed over the whole forty- 
eight hours of this portion of the star's period. 

The mean minimum light shown is 9". 18 for the Autumn 
curve, and 9**.06 for the Spring curve. Neither curve 
shows any correction to the time of minimum. 

The readings from the general mean curves are given in 
Table IX. 

The duration of the light-changes shown by these curves 
is longer than it has hitherto been stated. It is from 
_5h 4Qin ^Q -j-5h 4Qm^ occupyiug therefore 11 hours and 20 
minutes. These limits are well-defined in the Autumn 
curve, but the beginning of the Spring curve is less satis- 
factory, being much distorted to about —2** 30*". With 
this exception, the difference between the two curves are : 
the general comparative flatness of the Spring curve, its 
brighter minimum, and its greater asymmetry, as compared 
with the Autumn curve. 

The latter is so far the more fully observed and better 
made out curve, made from observations taken at far the 
more favorable season of the year, and the precautions 
taken to avoid subjective errors have been so unremitting, 
that it seems to me to be probably a very good approxi- 
mation to the star's real light-curve. Its departures from 
actual symmetry are very slight up to 7**.5, and at 9".00, 
8"'.65, and 7".73 they disappear. 

Assuming the curve to be symmetrized by averaging the 
values of each pair of readings, the probable error of one 
of these readings is ±0**.025, while their mean departure 
from the symmetrized curve is 0".027. 

Assuming again that the minimum light is constant from 
— 1** to ^-l^ the probable error of one of the nine normals 
is ±0''.018, while their mean departure from their mean 
value is, as in the other part of the curve examined, 0".027. 

The impression remaining on my mind after fifteen 
years' constant and careful study of the star, is that the 
course of the light-changes is really that which would 
result from an annular eclipse ; a symmetrical curve, with 
inflection increasing with its proximity to the niinimum, 
and an interval of constant minimum light, central at the 
moment of minimum. 

In these series of observations there is no evidence of 
any progressive change in the star's light-curve. My own 
series is the only one of those examined in which there is 
any approach to sufficient observation of the beginning and 



end of the period occupied by the star's light-changes to 
furnish any evidence as to possible change in its length, 
and in this series these points are not made out with 
enough precision to give any valuable indications in either 
direction. Examination and comparison of the times at 
which 8''.00, at which point the more rapid change is well 
under way, is passed on the decrease and increase show 
very considerable differences in the curves of different 
observers, but no evidence of progressive change. 

The difference between the Spring and Autumn values 
of the observed minimum light varies all the way from 
almost nothing to fully four tenths of a magnitude. And 
whereas in all but one of the other series the Spring curves 
show the fainter minima, in my own and Schwab's the 
reverse is the case, pointing strongly to the subjective 
nature of the difference. This curious discrepancy is 
possibly due to the use of different comparison-stars at the 
minimum phase, and perhaps also to the fact that, especi- 
ally of later years, I have been very solicitous to eliminate 
the hour-angle disturbance from my observations as far as 
possible. To this practice also I ascribe the fact that in 
my last four years' group the difference in the two curves 
at the minimum is very slight, though the Spring curve is 
much the flatter on both sides of the minimum. In the 
earliest of my own curves the similarity to Schoenfeld's 
curve of S Cancri, in the rise from an hour before the 
minimum point to an hour after is very marked. This 
entirely disappears in the next group (1891-1894), and 
does not reappear later. I suspect it to be due to the in- 
fluence of a knowledge of Chandler's 1889 curve to which 
reference has already been made, which has this peculiarity 
strongly marked, and whose authority could hardly fail to 
influence an observer new to the work, when in doubt be- 
tween two estimates. This may or may not have been the 
case, but with the gain in experience and confidence the 
phenomenon vanishes from my results. 

A comparison of the minimum brightness found by the 
various observers gives some apparent sign of change. Of 
these series, Knott's indicates a slow decrease of the mini- 
mum light; the others, to Sperra's in 1894-1897, show a 
small increase ; Plassmann's and Schwab's are discordant ; 
my own from 1891 to 1902 show an increase of 0".20 in 
the Autumn curves, which is offset by the constancy of the 
Spring ones, the mean of both being about 0".09. The 
means of Knott's and my own series indicate an increase 
of about a tenth of a magnitude, and this is also the gen- 
eral drift of all the groups. 

This change, if real, is very slow, and can only be veri- 
fied by long observation. 

Table X shows the ninety-six minima deduced from the 
several series by the method of equal brightnesses. In 
the last column, headed Obs., the letters signify : K, Knott ; 
B, Baxendkll, Sr. ; b, Baxendell, Jr. ; C, Chandler ; 
Y, Yendell ; S, Sperra ; P, Plassmann ; and Sch., Schwab. 

The weights in the table are on a scale of five. 
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Table I. 


Knott. 




Time from 
Minimum 

h III 

-3 40 


1880-18S1 
Spring Aut'n 

H H 


1882- 
Spring 

M 

7.44 


■1883 1884-1887 
Aut'n Spring 

H H 

. . 7.59 


20 




. 


7.56 


. . 7.09 


3 


7.55 




7.68 


. . 7.79 


2 40 


7.70 


, , 


7.81 


. . 7.92 


20 


7.90 


8.10 


7.95 


. . 8.08 


2 


8.13 


8.37 


8.09 


8.26 8.28 


1 40 


8.40 


8.67 


8.34 


8.50 8.54 


20 


8.69 


8.86 


8.74 


8.74 8.98 


1 


9.08 


8.95 


9.29 


8.99 9.20 


40 


9.31 


9.00 


9.35 


9.06 9.28 


-0 20 


9.33 


9.03 


9.34 


9.08 9.31 





9.33 


9.06 


9.34 


9.08 9.34 


+ 20 


9.32 


9.04 


9.34 


9.08 9.35 


40 


9.30 


9.00 


9.34 


9.05 9.35 


1 


9.30 


8.95 


9.33 


8.95 9.33 


20 


9.20 


8.86 


9.31 


8.73 9.26 


40 


8.65 


8.62 


8.70 


8.50 8.78 


2 


8.33 


8.29 


8.20 


8.28 8.14 


20 


8.10 


8.04 


. . 


8.09 7.89 


+ 2 40 


7.92 


7.90 


. . 


7.94 . . 






Tablk IL 






Baxendell, Sk. Baxendeli-, Jb. 


Time from 

Minimum 

h m 

-2 40 


1880-1887 
Spring Aut'n 

M M 

. . 7.87 


1884-1887 
Spring 

X 

7.97 




20 


. . 


8.09 


8.13 


2 





8.28 


8.31 


8.31 


1 


40 


8.50 


8.55 


8.53 




20 


8.80 


8.82 


8.90 


1 





9.13 


9.02 


9.19 


40 


9.16 


9.12 


9.20 




20 


9.18 


9.14 


9.20 


-0 





9.19 


9.12 


9.19 


+ 


20 


9.16 


9.10 


9.18 




40 


9.14 


9.07 


9.17 


1 





9.11 


9.04 


9.13 




20 


8.94 


8.99 


9.00 




40 


8.87 


8.63 


8.58 


2 



20 


• • 


8.35 ; 
8.16 


• • 


+ 2 40 


. • 


8.00 


• • 




Table III. 


Sperra 




Time from 

Minimum 

h m 

-4 40 


1894-1897 
'spring Aufn 

. . 7.14 


Time from 
Minimum 

h m 




1894-1897 
Spring Aut'n 

9*10 9*06 


20 




7.26 


+0 20 


9.08 9.03 


4 




7.38 


40 


9.03 9.00 


3 40 




7.50 


1 


8.90 8.95 


20 




7.63 


20 


8.62 8.87 


3 




7.78 


40 


8.35 8.76 


2 40 


7.91 


7.96 


2 


8.10 8.61 


20 


8.24 


8.18 


20 


7.89 8.47 


2 


8.55 


8.50 


40 


7.71 8.33 


1 40 


8.83 


8.89 


3 


7.54 8.14 


20 


8.99 


9.08 


20 


7.36 7.94 


1 


9.07 


9.10 


40 


7.19 7.74 


40 


9.10 


9.10 


4 


. . 7.53 


-0 20 


9.11 


9.08 


+ 4 20 


. . 7.30 



-1-12 
12 
18 
19 
27 
27 
S3 
39 

-1-40 



Table III. — (Cont.) 
Normal Light. 

m M h 

8 6.92 -1-41 

28 6.86 42 

31 6.95 43 

11 6.89 44 

7 6.88 47 

18 6.92 49 

46 6.96 51 

7 6.87 -1-54 

8 6.89 



Table IV. Chandler. 



3 


6.92 


16 


6.87 


31 


6.90 


20 


6.89 


26 


6.90 


32 


6.96 


22 


6.99 


12 


7.12 



Time from 


1887- 


-1888 


Time from 


1887-1888 


Minimum 


Spring 


Aut'n 


Minimum 


Spring 


Aut'n 


h m 


M 


K 


h m 


H 


M 


-4 20 


, , 


7.54 


1 -0 20 


9.09 


9.03 


4 


. 


7.57 


j 0^0 


9.07 


9.02 


3 40 


7.64 


7.61 


; +0 20 


9.06 


9.01 


20 


7.73 


7.67 


40 


9.05 


9.00 


3 


7.84 


7.77 


1 


9.01 


8.96 


2 40 


7.97 


7.91 


! 1 20 


8.89 


8.70 


20 


8.15 


8.06 


40 


8.63 


8.42 


2 


8.39 


8.23 


2 


8.38 


8.20 


1 40 


8.74 


8.41 


2 20 


8.15 


8.02 


20 


8.98 


8.75 


40 


7.96 


7.84 


1 


9.07 


8 99 


3 


7.81 


. 


-0 40 


9.09 


9.04 


! +3 20 


7.69 


. , 



Table V. Plassmann. 



Time from 


1894 


1901- 


-1902 


Minimum 


Spring 


Spring 


Aut'n 


h in 


M 


M 


M 


-5 40 




, , 


7.09 


20 




. 


7.09 


5 




. 


7.10 


4 40 




. 


7.11 


20 




, , 


7.14 


4 




7.17 


7.18 


3 40 




7.20 


7.23 


20 




7.24 


7.30 


3 


7.37 


7.29 


7.44 


2 40 


7.66 


7.40 


7.72 


20 


7.95 


7.66 


8.03 


2 


8.26 


8.16 


8.31 


1 40 


8.59 


8.61 


8.56 


20 


8.94 


8.87 


8.80 


1 


9.03 


9.02 


8.91 


40 


9.03 


9.00 


8.91 


-0 20 


8.97 


9.00 


8.90 





8.92 


9.00 


8.90 


-hO 20 


8.93 


9.00 


8.90 


40 


8.98 


9.00 


8.90 


1 


8.96 


8.97 


8.86 


1 20 


8.80 


8.73 


8.53 


40 


8.60 


8.34 


. . 


2 


8.15 


7.96 


, 


-1-2 20 


7.86 


7.58 


, , 



Digitized by 



Google 



218 



THE ASTRONOMICAL JOURNAL. 



N»- 551 



















Table VI. Schwab. 














Time from 




1900-1002 


Time from 


1900-1902 


Time from 


Normal 


Time from 


Normal 






Minimum 




Spring Aut'n 


Minimum 


Spring Aut' 


n Minimum 


Light 


Minimum 


Light 








h m 




H M 


1 


1 in 


H H 


h m 


H 


h m 


H 










-5 




. . 7.02 


-0 40 


9.12 9.20 + 7 10 


7.11 


-1-37 38 


6.91 








4 40 






7.04 


-0 


20 


9.15 9.20 8 31 


7.01 


40 48 


6.86 








20 






7.07 








9.17 9.20 9 5 


6.95 


43 43 


6.96 








4 






7.12 


+0 20 


9.18 9.20 11 44 


6.92 


46 7 


6.99 








3 40 






7.20 




40 


9.16 . 


13 24 


6.91 


48 33 


6.88 








20 






7.33 


1 





9.11 . 


19 26 


6.93 


49 26 


7.01 








3 






7.60 


1 


20 


8.90 . 


22 30 


6.94 


+61 10 


6.92 








2 40 






7.80 




40 


8.50 . 


22 57 


6.98 














20 






8.13 


2 





8.10 . 


23 11 


6.94 














2 






8.50 


2 


20 


7.78 . . 


24 20 


6.96 














1 40 






8.72 




40 


7.52 . 


25 12 


6.93 














20 




8.92 9.03 


3 





7.34 . 


34 49 


6.94 














-1 




9.06 9.18 


+3 20 


7.23 ' . 


+35 16 


6.92 




















Table VII. Readings fbom Mean Cubvbs. 














1888-1800 




1891-1894 


1895-1808 




1899-1902 








Autumn 


Spring 


Autumn Autumn 


Spring 




Autumn 




T — t 


Before 


After 


Before 


After Before After Before 


After 


Before After Before 


After 




b m 


M 




M 


M 


H 


H 


H U 


H 


M M 




M 


M 


2. o^ 


5 


, 






, . 


. 




. - . 


. , 


. . 7.17 


7.16 


7.18 


/9V 


4 40 


, 




, 




, 






. 


. . 7.15 


7.12 


. . 7.24 


7.22 


7.26 


/^^/ 


4 20 


, 




, 




, 




, 


, , 


. . 7.23 


7.18 


7.76 7.31 


7.27 


7.34 


/cy 


4 


. 




. 




, 




, 


7.02 


. . 7.30 


7.24 


7.86 7.37 


7.34 


7.42 


/s' J 


3 40 


. 




. 




, 




, 


7.10 


. . 7.37 


7.32 


7.97 7.48 


7.43 


7.49 


/^9 


3 20 














, 


7.21 


. . 7.44 


7.40 


8.09 7.60 


7.53 


7.58 


/2 i- 


3 


. 




, 




, 




, 


7.34 


. . 7.52 


7.58 


8.21 7.' 


•3 


7.64 


7.67 


// / 


2 40 


7.73 








. 




. . 


7.60 ' 


r.66 7.67 


7.68 


8.35 7.88 


7.77 


7.75 


r^> 


2 20 


7.84 




. 




8.06 


8.2] 


7.93 ' 


r.72 7.98 


7.89 


8.48 8.05 


7.95 


7.86 


c r^ 


2 


7.9i 




8.19 


8.47 


8.4; 


) 8.26 ' 


r.93 8.35 


7.97 


8.64 8.30 


8.18 


8.03 


^J 


1 40 


8.1( 




8.62 


8.72 


8.5( 


) 8.57 J 


J.57 8.66 


8.50 


8.78 8.53 


8.48 


8.29 


u y^ 


1 20 


8.55 




9.00 


8.91 


8.7J 


( 8.88 1 


?.08 8.91 


8.89 


8.92 8.77 


8.86 


8.68 


c</-i_ 


1 


8.8J 




9.11 


9.02 


8.86 


( 9.26 < 


J.26 9.08 


9.07 


9.00 8.94 


9.05 


9.02 


r ^^ 


40 


9.1f 




9.17 


9.06 


8.9e 


1 9.30 i 


).29 9.15 


9.13 


9.05 9.04 


9.10 


9.06 


0/ V 


20 


9.2^ 




9.21 


9.07 


9.02 


t 9.30 9.29 9.17 


9.16 


9.07 9.08 


9.10 


9.08 







9.24 




. . 


9.05 


• . 


9.29 


. . 9.17 


• . 


9.08 . 


. 


9.09 


. . 










Table VIII. 


Normals fob 


Mean Light-Cubve, 1888-1902 


. 










East (Aut 


umn) 


East (A 


utumn) 


East (Autumn) 


West (Spring) 






T—t 


Mag. 


bs. 


X) 


T—t 


Mag 


Obs. t 


T-t Mag. 


Obs. e 


T—t 


Mag. 


Obs. 


« 




h ID 








h m 






b m 




h m 










-4 55.8 


7.14 ] 


LO 


+0.01 


+ 


8.1 


9.16 


20 -0.01 


+ 21 35.6 7.09 


9 0.00 


-0 57.0 


9.03 


10 


+0.02 




4 31.4 


7.38 ] 


LO 


+0.20 




16.9 


9.18 


20 +0.01 


25 11.7 7.12 


10 +0.03 


49.4 


8.99 


10 


-0.04 




4 13.0 


7.12 


8 


-0.11 




34.6 


9.18 


20 +0.03 


27 44.5 7.14 


6 +0.05 


43.7 


9.06 


10 


+0.02 




3 44.8 


7.37 1 


.5 


+0.05 




48.4 


9.10 


20 -0.02 


29 26.1 7.10 


6 +0.01 


26.4 


9.07 


10 


+0.02 




3 34.7 


7.41 1 


.4 


+ 0.04 




56.6 


9.15 


20 +0.03 


32 34.8 7.06 


4 -0.03 


9.8 


9.09 


10 


+0.03 




3 17.3 


7.40 1 


5 


-0.06 




1 6.0 


9.05 


20 +0.02 


42 18.3 7.07 


6 -0.02 


-0 1.6 


9.05 


10 


-0.01 




3 4.1 


7.46 1 


!0 


-0.08 




1 13.8 


8.96 


20 +0.02 


46 6.1 7.10 


4 +0.01 


+0 16.1 


9.03 


10 


-0.01 


' 


2 62.0 


7.67 i 


to 


+0.04 




1 20.9 


8.76 


20 -0.10 


49 17.8 7.08 


11 -0.01 


36.1 


9.04 


10 


+0.02 




2 40.1 


7.82 i 


!0 


+0.09 




1 26.3 


8.83 


20 +0.10 


52 27 7.03 


3 -0.06 


1 11.8 


8.81 


10 


-0.10 




2 22.8 


7.86 2 


10 


-0.06 




1 33.9 


8.56 


20 -0.02 


+64 11.3 7.06 


3 -0.04 


1 28.0 


8.65 


10 


-0.05 




2 10.5 


8.12 5 


!0 


+0.06 




1 39.7 


8.39 


20 -0.01 


West (Spring) 


1 49.7 


8.48 


10 


+0.05 




1 59.8 


8.11 i 


to 


-0.08 




1 47.9 


8.33 


20 +0.09 


- 4 52.1 7.62 


10 0.00 


2 8.4 


8.29 


10 


+0.07 




1 51.6 


8.43 'a 


to 


+0.12 




1 56.6 


8.08 


20 -0.02 


3 45.3 7.77 


10 +0.01 


2 27.7 


7.96 


10 


-0.05 




1 44.2 


8.41 1 


to 


0.00 




2 4.6 


7.97 


20 -0.02 


3 18.5 8.24 


10 +0..38 


2 49.8 


7.82 


7 


+ 0.01 




1 37.5 


8.55 2 


to 


+0.02 




2 21.2 


7.81 


20 -0.03 


2 36.0 8.09 


10 -0.03 


+ 4 34.3 


7.28 


2 


0.00 




1 30.7 


8.56 '1 


to 


-0.08 




2 48.8 


7.69 


20 0.00 


i 2 30.6 8.10 


10 -0.10 












1 21.8 


8.84 2 


to 


+ 0.02 




3 31.8 


7.48 


19 0.00 


1 2 20.2 8.35 


10 +0.04 


+ 83 


7.06 


2 


-0.03 




1 16.2 


8.87 2 


to 


-0.07 




4 56.3 


7.13 


4 -0.03 


1 59.7 8.56 


10 0.00 


19 13 


7.11 


2 


+0.02 




1 8.3 


9.06 2 


•0 


+ 0.04 




5 44.5 


7.11 


6 +0.02 


1 47.4 8.64 


10 +0.08 


20 31 


7.11 


2 


+ 0.02 




1 1.2 


9.08 2 


'0 


-0.01 




7 9 


7.09 


3 0.00 


1 42.1 8.73 


10 -0.03 


31 13 


7.07 


3 


-0.02 




52.9 


9.14 2 


•0 


+0.01 




9 18.5 


7.10 


4 +0.01 


1 31.7 8.81 


10 -0.05 


33 15 


7.08 


3 


-0.01 




41.0 


9.16 2 


•0 


0.00 




13 58.1 


7.09 


6 0.00 


1 23.9 8.84 


10 -0.04 


44 23.5 


7.06 


2 


-0.03 




2^.1 


9.16 2 


'0 


-0.01 




16 26.8 


7.05 


5 -0.04 


1 14.9 8.96 


10 +0.01 


46 27 


7.11 


2 


+0.02 




-0 16.9 


9.23 2 





+0.06 


+ 20 16.2 


7.09 


5 0.00 


- 1 5.3 8.95 


10 -0.04 


+47 26 


6.96 


1 


-0.13 
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Table IX. 
















Time from 


East (Autumn) West 


(Spring) 


Time from East (Autumn) ^ 


Weat (Spring) 


Time from East (Autumn) West (Spring) 


Minimum 


Before 


After Before 


After 


Minimum 


Before 


After 


Before 


After 


Minimum ] 


Before After Before 


After 


h m 


M 


M 


M 


H 


b m 




H 


■ 


■ 


H 


h m 


H « 


M 




■ 


6 40 


7.09 


7.09 . . 




3 30 




7.39 


7.49 


7.82 


7.55 


1 40 


8.49 8.40 8.78 


8.66 


20 


7.10 


7.11 . . 


. . 


20 




7.44 


7.54 


7.86 


7.61 


30 


8.66 8.66 8.87 


8.68 


5 


7.12 


7.15 7.60 


. . 


10 




7.60 


7.58 


7.91 


7.67 


20 


8.84 8.85 8.93 


8.80 


4 50 


7.14 


7.17 7.62 


, , 


3 




7.57 


7.64 


7.97 


7.74 


10 


9.00 9.00 8.97 


8.92 


40 


7.16 


7.21 7.64 


. 


2 50 




7.64 


7.68 


8.03 


7.81 


1 


9.10 9.07 9.00 


8.97 


30 


7.18 


7.2. 


5 7.65 


7.26 


40 




7.73 


7.73 


8.10 


7.90 


60 


9.14 9.11 9.03 


9.00 


20 


7.21 


7.29 7.67 


7.30 


30 




7.84 


7.78 


8.19 


7.99 


40 


9.17 9.14 9.04 


9.02 


10 


7.24 


7.33 7.69 


7.34 


20 




7.95 


7.85 


8.31 


8.10 


30 


9.17 9.16 9.05 


9.03 


4 


7.27 


7.37 7.72 


7.39 


10 




8.06 


7.94 


8.43 


8.20 


20 


9.17 9.17 9.06 


9.04 


3 50 


7.30 


7.41 7.75 


7.44 


2 




8.19 


8.05 


8.56 


8.32 


10 


9.17 9.18 9.06 


9.06 


3 40 


7.34 


7.45 7.78 


7.49 


1 60 




8.34 


8.20 


8.68 


8.43 





9.18 . 


9.06 


• • 
















Table X. 
















E 






Gr. M.T. 


O 


O— C 


w. 


Obs. 


E 






Gr. M.T. 





O-C 


w. 


Obs. 


63 1880 Nov. 


27 


% m 

8 56.9 


+3.7 


+ 3.2 


5 


B 


1299 


1889 May 6 13° 57.6 


-3.3 


+ 12.0 


1 


Y 


65 


Dec. 


2 


8 45.3 


+3.7 


+ 12.1 


4 


K 


1378 




Nov. 18 12 32.2 


+3.6 


+ 23.6 


4 


Y 


112 1881 Mar. 


29 


12 47.0 


-1.9 


+ 10.2 


2 


K 


1382 




28 11 62.4 


+3.7 


+24.9 


3 


Y 


114 


Apr. 


3 


12 13.3 


-2.1 


- 3.2 


5 


K 


1512 


1890 Oct. 18 13 20.3 


+2.6 


+ 4.9 


5 


Y 


118 




13 


11 40.8 


-2.6 


+ 4.8 


4 


K 


1516 




28 12 55.4 


+3.0 


+21.4 


2 


Y 


124 




28 


10 31.5 


-3.1 


- 3.5 


2 


K 


1910 


1893 


July 6 17 24.9 


-2.9 


+ 11.2 


4 


Y 


126 


May 


3 


10 19.1 


-3.3 


+ 4.4 


-5 


K 


1914 




16 16 37.1 


-2.4 


- 0.8 


5 


Y 


128 




8 


10 1.5 


-3.4 


+ 7.2 


3 


K 


1916 




21 16 24.6 


-2.0 


+ 7.6 


6 


Y 


. 187 


Oct. 


2 


11 49.8 


+ 1.7 


+ 5.7 


4 


K 


1922 




Aug. 6 16 36.9 


-1.2 


+ 21.9 


3 


Y 


193 




17 


10 40.3 


+2.5 


- 1.5 


4 


K 


1924 




10 14 56.7 


-1.0 


+ 2.0 


6 


Y 


219 


Dec. 


21 


6 27.5 


+3.4 


+13.2 


1 


K 


1926 




16 14 36.6 


-0.7 


+ 3.4 


6 


Y 


234 1882 Mar. 


18 


12 22.0 


-1.2 


+ 2.2 


3 


£ 


1930 




25 13 43.6 


-0.3 


+ 8.2 


4 


Y 


262 


Apr. 


7 


11 2.6 


-2.3 


+ 3.6 


6 


K 


2111 


1894 Nov. 19 18 48.6 


+3.6 


- 4.2 


4 


Y 


262 




7 


11 7.0 


-2.3 


+ 8.0 


5 


£ 


2111 




19 18 41.6 


+3.6 


-10.1 


6 


S 


268 




22 


10 8.0 


-3.0 


+ 9.9 


1 


K 


2117 




Dec. 4 17 39.1 


+3.7 


-11.0 


2 


Y 


270 




27 


9 42.0 


-3.0 


+ 4.1 


3 


K 


2117 




4 17 36.6 


+3.7 


-13.6 


6 


S 


345 


Oct. 


31 


8 40.6 


+3.1 


- 1.8 


3 


K 


2123 




19 16 39.0 


+3.4 


- 9.8 


6 


S 


353 


Nov. 


30 


6 41.0 


+3.7 


+ 2.2 


1 


K 


2137 


1896 Jau. 23 14 20.3 


+2.2 


- 6.1 


3 


Y 


394 1883 Mar. 


2 


12 30.2 


-0.3 


+ 6.9 


4 


K 


2141 




Feb. 2 13 34.3 


+1.7 


-11.6 


3 


S 


398 




12 


11 47.6 


-0.8 


+ 4.8 


4 


K 


2184 




May 20 18 16.8 


-3.6 


-14.5 


2 


s 


402 




22 


11 5.3 


-1.4 


+ 2.9 


4 


K 


2194 




June 14 16 25.7 


-3.3 


-21.8 


6 


Y 


406 


Apr. 


1 


10 26.2 


-2.9 


+ 2.3 


4 


K 


2279 


1896 Jan. 12 14 4.3 


+2.6 


-15.6 


2 


S 


487 


Oct. 


20 


8 30.6 


+ 2.7 


+ 3.9 


4 


K 


.23^ 




May 13 17 43.6 


-3.5 


-10.0 


6 


Y 


540 1884 Feb. 


29 


11 31.6 


0.0 


+ 6.8 


4 


K 


25lf 


1897 Oct. 26 17 23.0 


+2.9 


+ 0.2 


3 


S 


548 


Mar. 


20 


10 15.3 


-1.4 


+10.1 


3 


K 


2813 


1899 


Sept. 4 18 52.1 


+0.1 


- 4.1 


4 


Y 


690 1886 Mar. 


9 


9 49.2 


-0.6 


+ 1.0 


3 


B 


2816 




9 18 36.9 


+0.4 


- 1.6 


4 


Y 


690 




9 


9 50.6 


-0.6 


+ 2.4 


3 


b 


2817 




14 18 16.1 


+0.7 


- 1.6 


1 


Y 


692 




14 


9 33.9 


-1.1 


+ 6.2 


3 


K 


2821 




24 17 36.6 


+ 1.3 


+ 3.7 


4 


Y 


694 




19 


9 9.8 


-1.4 


+ 0.9 


6 


K 


2825 




Oct. 4 16 41.0 


+ 1.9 


-10.3 


4 


Y 


753 


Aug. 


3 


11 54.2 


-1.4 


+ 9.3 


2 


Bl 


2829 




14 16 12.4 


+2.4 


+ 2.6 


4 


Y 


753 




3 


11 50.7 


-1.4 


+ 6.8 


3 


bj 


2983 


1900 Nov. 2 13 63.7 


+3.1 


+ 2.8 


6 


Y 


832 1886 Feb. 


26 


9 34.3 


+0.2 


+ 3.2 


3 


B 


3001 




Dec. 17 10 34.5 


+3.6 


-10.3 


2 


Sch. 


832 




26 


9 37.3 


+0.2 


+ 6.2 


6 


b 


3011 


1901 Jan. 11 9 0.2 


+2.9 


- 2.7 


6 


Sch. 


966 1887 Jan. 


26 


10 31.0 


+ 2.1 


- 3.1 


3 


K 


3011 




11 8 46.9 


+2.9 


-16.9 


1 


P 


970 * 


Feb. 


5 


9 51.6 


+ 1.5 


- 2.2 


4 


B 


3013 




16 8 40.3 


+ 2.6 


- 2.7 


2 


P 


-^970 




5 


9 53,6 


+ 1.5 


- 0.1 


5 


b 


3013 




16 8 36.8 


+2.5 


- 6.9 


6 


Sch. 


978 




25 


8 32.0 


+0.3 


+ 9.4 


3 


K 


3015 




21 8 16.8 


+ 2.4 


- 6.5 


5 


Sch. 


1078 


Nov. 


1 


15 32.1 


+ 3.0 


+ 4.6 


3 


C 


3062 




May 18 12 16.0 


-3.6 


-10.3 


2 


P 


1080 




6 


15 17.0 


+3.^ 


+ 12.3 


6 


C 


3064 




23 11 54.3 


-3.7 


-11.6 


3 


P 


1084 




16 


14 28.6 


+3.5 


+ 3.2 


2 


c 


3119 




Oct. 7 


' 14 47.1 


+2.6 


+10.9 


4 


Y 


1086 




21 


14 4.0 


+3.6 


+ 1.1 


6 


c 


3135 




Nov. 16 11 42.6 


+ 3.5 


- 8.1 


6 


Sch. 


109« 


Dec. 


1 


13 35.9 


+3.7 


+ 14.2 


5 


c 


3141 




Dec. ] 


. 10 38.9 


+3.7 


-10.2 


6 


Sch. 


1092 




6 


13 8.7 


+3.7 


+ 7.5 


4 


c 


3239 


1902 Aug. i 18 0.4 


-1.5 


+ 9.0 


6 


Y 


1096 




16 


12 30.2 


+ 3.6 


+ 9.9 


4 


c 


3255 




Sept. I] 


L 16 16.7 


+0.8 


- 6.0 


6 


Y 


1133 1888 Mar. 


17 


18 6.6 


-1.1 


-19.3 


1 


c 


3269 




Oct. 16 12 38.9 


+ 2.6 


-18.3 


3 


Y 


1141 


Apr. 


6 


16 35.0 


-2.2 


- 9.8 


5 


c 


3275 




31 


L 11 53.6 


+3.1 


- 1.6 


5 


Sch. 


1145 




16 


16 7.7 


-2.7 


+ 3.4 


5 


c 


3277 




Nov. 5 11 28.6 


+3.3 


- 6.9 


5 


Sch. 


1216 


Oct. 


10 


16 2.8 


+ 2.2 


+ 10.5 


3 


Y 


3283 




20 10 29.8 


+3.6 


- 2.8 


6 


Sch. 


1 
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Provis. 




Position of 1900.0 1 


Prec. 


1900 


Chart-Place 


Magnitude 




Notation 


Name 




















A.N. 




R.A. 


Decl. 


R.A. 


Decl. 


R.A. 


Decl. 


Max. 


MiD. 


ph 


11.1903 


E U Andromedae 


b m 8 

132 47 


+ 38° 9.5 


+3'.49 


+o!3i 


h m 8 

130 11 


+37°65!6 


9 


13 


15.1903 


Z Cephei 


2 12 48 


+8113 


+ 7.81 


+0.28 


2 7 6 


+81 


9.10 


<13 


ph 


56.1903 


RR Cephei 


2 29 23 


+80 42.3 


+8.03 


+0.27 


2 24 15 


+80 30.2 


9 


<13 


ph 


14.1902 


Z Fersei 


2 33 40 


+41 46.1 


+3.81 


+0.26 


2 30 50 


+41 34.3 


9 


12 


V 


22.1903 


X Camelopardalis 


4 32 36 


+ 74 56 


+ 7.68 


+0.12 


4 26 48 


+74 60 


9 


13 


ph 


5.1903 


RS Tauri 


5 46 3 


+ 15 51.3 


+3.45 


+0.02 


5 43 28 


+ 15 50.3 


8.9 


1011 


V 


1.1903 


Z Aurigae 


5 53 39 


+63 18.0 


+4.86 


+0.01 


5 50 3 


+53 16.9 


9 


11 


V 


20.1903 


W Camelopardalis 


6 12 


+75 32 


+8.25 


-0.02 


6 5 48 


+ 75 32 


10.11 


12 


ph 


14.1903 


RS Geminorum 


6 55 14 


+30 39.8 


+3.84 


-0.08 


6 52 21 


+30 43.3 


9.10 


11.12 


ph : 


9.1903 


Z Geminorum 


7 1 36 


+22 41.0 


+ 3.61 


-0.09 


6 58 53 


+ 22 44.9 


9.10 


<12 


V • 


16.1903 


RR Monocerotis 


7 12 27 


+ 1 16.6 


+3.10 


-0.10 


7 10 7 


+ 1 21.2 


9 


<13 


ph 1 


13.1903 


RR Geminorum 


7 15 11 


+31 4.2 


+3.83 


-0.10 


7 12 18 


+31 9.0 


10 


11.12 


ph 1 


21.1903 


Y Camelopardalis 


7 27 39 


+ 76 16.9 


+8.15 


-0.12 


7 2130 


+ 76 22.3 


9.10 


<11.12 


ph 


4.1902 


Y Geminorum 


7 35 16 


+ 20 39.6 


+3.53 


-0.13 


7 32 37 


+ 20 45.3 


8.9 


_ 


ph 


2.1903 


Y Draconis 


9 31 5 


+78 18.2 


+ 6.98 


-0.27 


9 25 47 


+ 78 30.1 


9 


13 


ph 


3.1903 


W Ursae Maj. 


9 36 44 


+ 56 24.6 


+ 4.25 


-0.27 


9 33 32 


+ 56 36.7 


8 


9 


V 


4.1903 


Z Draconis 


11 39 49 


+ 72 49.0 


+ 3.45 


-0.33 


1137 12 


+ 73 4.0 


9.10 


12.13 


ph 


57.1903 


T Ursae min. 


13 32 38 


+ 73 56.4 


+ 1.25 


-0.31 


13 3142 


+ 74 10.2 


9 


<13 


ph 


29.1903 


STBeradis 


15 47 47 


+48 47.1 


+ 1.79 


-0.18 


15 46 27 


+48 56.4 


7.8 


8.9 


V 


18.1902 


W Coronae 


16 11 50 


+ 38 2.7 


+2.14 


-0.15 


16 10 14 


+ 38 9.6 


7.8 


13 


V 


31.1903 


SU Herculis 


17 44 42 


+ 22 34 


+2.52 


-0.02 


17 42 48 


+ 22 35 


10 


<12 


ph 


76.1901 


RT Ophiuchi 


17 51 51 


+ 11 10.9 


+2.81 


-0.01 


17 49 45 


+ 11 11.5 


9 


<10 


V 


19.1903 


RZ Lyrae 


18 39 54 


+ 32 41.7 


+ 2.23 


+0.06 


18 38 14 


+ 32 39.1 


10 


11.12 


ph ! 


17.1903 


RY Lyrae 


18 41 ir. 


+ 34 34.0 


+ 2.17 


+0.06 


18 39 38 


+ 34 31.4 


10 


12 


ph ' 


17.1902 


RW Lyrae 


18 42 7 


+ 4331.9 


+ 1.82 


+ 0.06 


18 40 45 


+ 43 29.2 


9 


<12 


ph 


10.1903 


RX Lyrae 


18 50 27 


+ 32 42.3 


+ 2.23 


+0.07 


18 48 46 


+32 39.0 


11 


<15 


ph 


55.1903 


VWCygni 


20 11 21 


+34 11.8 


+ 2.31 


+ 0.18 


20 9 37 


+34 3.7 


9.10 


11.12 


ph 1 


21.1902 


V Sagittae 


20 15 46 


+20 47.3 


+ 2.65 


+0.19 


20 13 47 


+ 20 39.0 


9.10 


13 


ph 


16.1902 


Z Delphini 


20 28 3 


+ 17 6.2 


+ 2.74 


+ 0.20 


20 26 


+ 16 57.2 


9 


<11 


ph 


15.1902 


Y Delphini 


20 36 52 


+ 11 30.9 


+ 2.86 


+ 0.21 


20 34 43 


+ 11 21.5 


9.10 


<13 


V 


58.1903 


VX Cygni 


20 53 34 


+39 47.5 


+ 2.26 


+0.23 


20 51 52 


+39 37.2 


9 


9.10 


ph 


20.1902 


VV Cygni 


21 2 20 


+45 22.6 


+ 2.12 


+0.24 


21 45 


+45 11.9 


11 


<12 


ph 


19.1902 


RT Pegasi 


21 59 49 


+34 38.2 


+ 2.61 


+0.29 


21 57 51 


+34 25.3 


9.10 


13.14 


V 


^ 


RS Andromedae 


23 50 19 


+ 48 4.9 


+3.01 


+0.33 


23 48 4 


+47 49.5 


7.8 


8.9 


ph 


12.1903 


Nova Geminorum 


6 37 49 


+30 2.6 


+3.83 


-0.06 


6 34 56 


+30 5.0 


5 


- 


- 



* From Supplement to Nos. 549-550. 



The Committee for the A.G. Catalogue of Variable Stare : 

DUN#.R, HaRTWIG, MiJLLER, GuDEMAXS. 



ERROR m THE PLACE OF (15) EUNOMIA Y^ THE JAHMBUCH FOR 1905. 

By J. C. HAMMOND and W. W. DINWIDDIE. 
[Communicated by Rear-Admiral C. M. Chester, U.S.N., Superintendent U.S. Naval Observatory.] 



On August 20, a plate was exposed on the 6-inch camera 
by Mr. Dinwiddie for the purpose of finding the minor 
planet (41) Daphne. A trail was found on the plate which 
appeared much too bright for that asteroid. The direc- 
tion of the trail also showed that the motion was entirely 
different from that of Daphne. 

After observing it on the 12-inch equatorial on August 
21 and 23, Mr. Hammond computed a circular orbit from 
his observations and found that the elements agreed very 
closely with those of (15) Eunomia^ which had been 



searched for photographically by Mr. Pkters in the place 
given in the Jahrbuch for 1905, but without success. 

The position of Eunomia was then computed by Mr. 
Hammond from the elements and tables of Schubert and 
was found to agree closely with the observed position. 
The differences 0-C are —48* in « and — 23'.5 in 8. 
The position for August 23 is, « = 21^ 52"* 54* ; 5 =r -hO' 
18'.9. The daily motion is 1*" in « and +0.3 in 8. The 
time of opposition is August 20 instead of July 29 as 
given in the Jahrbuch. 
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THE INSTKUMENTAL CONSTANTS IN EQUATORIAL WORK, 

By C. W. FREDERICK. 
[Commimicated by Rear- Admiral C. M. Chkstkb, Superintendent U.S. Naval Observatory.] 



In order to eliminate the effect of the constants in equa- 
torial work it is necessary to determine the parallel of the 
micrometer at the place of each observation. But with a 
knowledge of the instrumental constants, and a sufficient 
theory as to their influence in varying the orientation of 
the micrometer, we could adopt a fixed setting for the 
parallel from careful determinations made in favorable 
parts of the sky. Then, at a given place of observation, 
corrections due to the error of this parallel would be com- 
puted for the quantities measured. In the following is 
given a method for obtaining the constants, with formulas 
for the deviation of the parallel produced by them, and the 
construction of tables to facilitate the computations. 

The constants may be determined from observations of 
circumpolar and equatorial stars. 

Since k Ursae MinorU and Polaris are about six hours 
apart in right-ascension, one is near culmination when the 
other is near elongation. The azimuth of the instrumental 
pole may be obtained from the star at culmination, and the 
altitude from the star at elongation. 

Before making the observations we should determine the 
reading of the micrometer scale when the movable wire is 
in the optical axis of the telescope, or better, place the 
fixed wire in the optical axis, so that coincidence is the 
required reading. This adjustment may be accomplished 
by starting the driving clock and reversing the micrometer 
a few times on a suitable star. To observe for azimuth we 
clamp the telescope at one side of the pier so the decli- 
nation axis will lie in the plane of the six-hour circle. 
Also clamp the micrometer in a horizontal position. Then 
point the telescope at the star near culmination. As the 
star moves slowly across the field set the movable thread 
of the micrometer immediately ahead of it, and note the 
time of transit, also note the reading of the scale. Two or 
more such transits should be taken to serve as a check on 
each other. Then reverse the telescope to the opposite 
side of the pier, and repeat the same operation. This 



completes the observation for azimuth. For the altitude 
the star near elongation is observed in a similar manner, 
with the telescope above the pier, and clamped so the 
declination axis will lie in the plane of the meridian. The 
micrometer should remain clamped in position angle, and 
not be disturbed during the observations. 

The formulas for reducing these observations are easily 
obtained, and it is not necessary to give their derivation. 
The quantities observed may be designated as follows : 

R^ = the reading of the micrometer scale when the movable 

wire is in coincidence with the optical axis of the 

telescope. 
R == the mean of the settings of the movable wire in any 

given position of the telescope. 
= the sidereal time corresponding to R ; mean of the 

transits. 

The position of the telescope may be shown by indices 
E, W, or U (east, west, up) ; and the position of the microm- 
eter by subscripts E, W, U, or D. These may refer to the 
positive direction of the micrometer scale, or to the microm- 
eter head if it is opposite the zero of the scale. Thus R^ 
is the mean of the scale readings taken when the telescope 
is east of the pier, and the micrometer clamped so the scale 
increases westward, or head west. Put 

ttc, Pc = the apparent right-ascension and polar distance 

of the star at culmination ; 
a^y p^ = the same for the star at elongation ; 

r = the refraction of the atmosphere at the altitude 

of the pole ; 
<p = the latitude of the observatory ; 
T = ^ — a. 
Let the constants be as follows : 

rj = the distance of the instrumental pole westward 
from the true pole measured along the six- 
hour circle; termed azimuth above. 
( = the distance of the instrumental pole above 
the true pole measured along the meridian ; 
termed altitude above. 

(221) 
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For the inclination of the axes we construct a right tri- 
angle upon sp as an hypothenuse, and side i^ adjacent the 
pole, measured eastward when the telescope is east of the 
pier. The deviation is the angle at «, 

\ = -ft\ sec 8 
This term becomes negative when the telescope is west of 
the pier. 

For the coUimation we construct a right triangle upon 
sp as an hypothenuse, and side c adjacent <, measured east- 
ward when the telescope is east of the pier. The deviation 
is the complement of the angle at <, 
A = — c tan 8 
This term becomes positive when the telescope is west of 
the pier. 

The flexure of the declination axis need not be consid- 
ered, as its component in right-ascension does not affect the 
parallel, and its component in declination is included in t, . 

The torsion of the tube we assume proportional to the 
component of gravity taken perpendicular to the plane of 
the tube and declination axis. When the telescope is east 
of the pier we have 

A = +/1 (sin <jp cos 8 — cos qp sin 8 cos t) 

Substituting the observed quantity / for ft sin gj, 
A = -I-/ cos 8 — / cot <jp sin 8 cos t 

The signs are changed in this expression when the tele- 
scope is west of the pier. If /' should be appreciable we 
should have, A = ±f' sinr. 

Now assume a fundamental parallel, or setting of the 
position-circle, p^j the error of which we are to compute 
for any position of the telescope. It is most natural to 
take the parallel determined by the trail of an equatorial 
star along the fixed short wire of the micrometer when the 
telescope is east of the pier, and in the meridian. Then A 
for this position should be zero. But taking the sum of 
the above equations when 8 and t are zero, 

A = Ij- ,;-!-/ 
Therefore subtracting this expression from the sum of the 
above equations we have the deviation for the setting />^. 

Taking the sum of the terms which are independent of 
the position of the telescope, 
(7a) 
Ai = i; — h—f—Tf sec 8 cosT-l-(i sec8 — e cosqj tan 8) sinr 

Taking the sum of the terms which change sign when 
the telescope is reversed in position, 

{7b) A^ = I'l sec8— c tan8-+-/cos8— /cotqp sin8 COST 
Then we have, 

/jx A^ = Ai + A2 , for Telescope East of Pier 
w A^ = Ai — A2 , for Telescope West of Pier 

These designations for the position of the telescope are 
not sufficiently general. But if we call the direction of 



increasing right-ascensions, east, for any given part of the 
sky at which the telescope is pointed, the designation be- 
comes general. 

In order to avoid laborious computing in the reduction 
of observations it is necessary to tabulate the values of 
A^ and A^. It will be sufficient to compute them for every 
five degrees in declination, and every thirty minutes in 
hour-angle. 

The value of p^ may now be easily deduced from obser- 
vations made m any part of the sky, and either position 
of the telescope by adding A from the table, and a cor- 
rection for refraction, to the observed parallel. By taking 
many observations in different regions of the sky, in differ- 
ent positions of the instrument, and by different methods we 
should arrive at an accurate mean value of p^ , and inci- 
dentally test the theory of the constants. The stability 
of p^ would also appear with continued observing. 

Adopting a value of p^ we are ready for the reduction 
of observations. For position angles we have 

in which p^ is the true, and p the observed angle. In 
satellite work where many observations are made in one 
neighborhood,jt»„ should be derived principally from parallel 
determinations made in the same neighborhood. In this 
case the parallel will be determined by the trail of a star 
on the long wire of the micrometer, and p^ will be reading 
of the position-circle less ninety degrees. 

When observing by rectangular coordinates the position- 
circle is set at p^, and 90° -f- p^. Then we have 



Ja', = Ja' -h JB sin A 
JB^ = J8 — Ja' sin A 



(9) 



in which ^ia'^, ^ia', are the true and observed micrometer 
measurements in right-ascension, not reduced to the equa- 
tor ; Jh^ , Jh, are the true and observed measurements in 
declination. For this reduction the values of the natural 
sine of A in units of the fifth decimal place should be tabu- 
lated for every five degrees in declination, and thirty 
minutes in hour-angle. 

When /Ja is determined by transits the formulas become 



Ja^ = Ja-\- ^ JS sin A sec 8 
J8, = J8 



(10) 



The values of ^^^ sin A sec 8 should be tabulated for this 
reduction. 

These instrumental corrections will be found of about 
the same magnitude as the corrections for differential re- 
fraction. But there is some degree of uncertainty about 
them, as there are mechanical imperfections of the instru- 
ment, and temperature disturbances, the effect of which 
cannot be computed. However, tlie action of the known 
constants is positive, and observations are improved with 
as much certainty by applying the above corrections as 
they are in the case of refraction. 
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The stability of the constants for the 26-inch equatorial may be seen from the following results: 



Date 

1902 

July 13 
27 

Aug. 3 
11 
28 

Sept. 23 

Oct. 22 
27 

Nov. 5 
28 

1908 

Jan. 9 
9 
Feb. 17 
Mar. 13 
Apr. 21 
June 21 



Temp. 
Fah. 

o 

69 
76 
80 
70 
67 
70 
51 
64 
66 
35 

27 
20 
14 
55 
48 
70 



+ 116 
+113 
+ 115 
+ 115 
+ 121 
+ 115 
+ 116 



+ 116 

+ 114 
+ 111 
+ 114 
+ 113 
+ 113 



-54' 
-55 
-51 
-55 
-55 
—52 
-52 



i 

-71 
-73 
-73 
-75 
-74 
-73 
-73 



c 
from 
stars 



c 
from 
coirs 



e COS ^ e cos <p 
from 
Stars 



e 
from 
coirs 



-52 -68 



-57 
-56 
-50 
-55 
-53 



-67 
-63 
-70 
-65 
-74 



+ 114 

+ioV 

+113 
+ 115 

+ 113 

+ 114 



+ 113 

+ il3 

+ 108 
+ 119 



+94 

+96 

+95 

+98 
+96 



Adopted 
Constants 

1; = +115' 

f = - .72 

/, — c = — 54 

c = +113 

ti= + 59 

e cos g) = + 5 



+ 10 
+ 4 



+ 2 
+ '4 



+ 6 
+ 5 



The collimators used in the above determinations of c 
and e were attached to the dome in a vertical position, and 
sighted into each other by means of mirrors. They were 
very unstable, the images of the wires moving as much as 
ten or fifteen seconds vertically, and half as much hori- 
zontally during an observation. 

Torsion of the Tube from Levels Placed on the 
Micrometer Box. 



Date 

iwe 

July 13 

13 

24 

24 



Temp. 

o 

74 
75 

72 
72 



/ 

+ o!o22 
+0.013 
+ 0.014 
+ 0.017 



+ o!o04 

+0.002 

0.000 

+ 0.002 



-94 
-69 
-78 
-79 



Date 

1908 

May 5 
26 

June 25 
26 



Temp. 

o 

64 

70 
68 



+ 0.021 
+0.023 
+ 0.017 
+ 0.016 



+0.001 

-0.001 

-0.004 

0.000 



-97 
-73 
-81 
-80 



Adopt /= +0^.018. For these determinations the 
levels were fastened to the micrometer box with lead wire. 
The position-circle was read by careful estimation to half- 
hundredths of a degree, the verniers reading only to 
fiftieths. The quality of the observations may be judged, 
aside from the agreement of the results in/, by the knowl- 
edge that /' should be zero, and the value of f about 
-72^ 



ON THE SPIRAL CHARACTER OF THE NEBULOSITIES SURROUNDING 

y GA88I0PEAE, 



By J. M. SCHAEBERLE. 



Half-hour exposure photographs of the region surround- 
ing y Casslopeae, taken with the 13-inch reflector, show that 
in various position-angles and at various distances there 
are rows of stars connected by nebulous streams all of 
which seem to originate in y Cassiopeae, and many of these 
streams plainly appear to return to the star, so that in 
their course other streams are crossed at various angles, 
producing appearances strongly suggestive of similar struc- 
tures to be found in the Great Cluster in Hercules. Es- 
pecially is this the case near the beginning of the 3d quad- 
rant where, up to distances of more than 15' from the 
central star, these intersections are so numerous that much 
confusion of detail exists in this region. There are isolated 
patches of nebulosity in various position-angles. The two 
known objects* lie on a heavy stream which seems to 
leave the central star near the middle of the 3d quadrant. 



* First photographed by Babnard and Wolff. 



With y Cassiopeae on the optical axis all these patches 
are so far from the center of the plate that considerable 
uncertainty still exists for the regions which have not yet 
been photographed near the optical axis. With this axis 
half-way between the two known condensations, a broad 
nebulous spiral-like band can be traced from near the be- 
ginning of the second quadrant (where it is something 
more than a quarter of a degree from Gamma) through the 
brighter parts of the two known objects, on towards and 
nearly up to the naked-eye star in the 4th quadrant. 
Within 5' of the optical axis this band appears to be made 
up largely of star-like condensations, each surrounded by 
a nebulosity which has a tendency to form outlines similar 
to the two neighboring nebulas ; the width of this band 
varies from 1' to 5' or more. A second fainter band from 
5' to 7' inside of and nearly parallel with the one just 
described can be traced from the middle of the 1st quad- 
rant well into the 4th quadrant ; its outline is somewhat 
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irregular, the average width being about V, and the dis- 
tance from Gamma 15' ±. 

A composite drawing, made with the aid of many nega- 
tives having different pointings, covering the whole region 
within half a degree of y Cassiopeae will be required be- 

Ann Arbor^ December 16, 1908. 



fore definite conclusions can be drawn from photographs 
having such a limited field of view. During the past 
month but one night was suitable for work with this in- 
strument, and owing to local conditions observations can 
only be made near the meridian. 



ON THE PHYSICAL STRUCTURE OF THE GREAT CLUSTER IN HERCULES, 

By J. M. SCHAEBERLE. 



Several months ago a few photographs of the cluster in 
Hercules were taken with the 13-inch reflector ; these nega- 
tives were found to give unmistakable evidence of a spiral 
stinicture inthis object. Nebulous streams joining certain 
stars in curved lines could be traced up to the very center of 
the cluster. The puzzling feature, however, was that there 
seemed to be two spirals, the more pronounced one being 
clock-wise, the other counter clock-wise. As certain other 
observations were demanding attention at that time, the 
matter was laid aside with the intention of making this 
cluster a special study when it again got into good position 
for observation. The discovery, however, that a precisely 
similar structure on a much larger scale exists in the stars 
and nebulosity surrounding y Cassiopeaej* led me again to 
examine the above mentioned negatives with the result that 
the physical structure of this cluster seems to be very simple. 

The clock-wise spiral is formed by the inner streams of 
outgoing matter ; the seeming counter clock-wise spiral is 
formed by that part of each stream which contains retum- 
ing matter. The plane of the spiral is not normal to the 
line of sight. 

My interpretations of these negatives can, perhaps, best 
be followed with the aid of the accompanying figure roughly 
deduced from the photographs. To avoid confusion of 
detail, streams from only one branch are represented ; the 
broken lines refer to the seeming counter clock-wise spiral. 
For purposes of approximate orientation a few conspicuous 
star-images are inserted. 

Streams with the greatest velocity (and consequently 
least density) have the initial direction 0. All outgoing 
streams between and 2 have velocities still too great to 
form closed curves. Individual masses in any of the streams 
3 to 8 describe orbits in which the minor axes are nearly 
zero. The periodic time for masses in stream 3, for in- 
stance, is about equal to three fourths of the time required 
for the central mass to make one complete rotation on 
its axis. 

The slower moving masses in streams with large initial 
inclinations to the normal will describe orbits of less eccen- 
tricity ; a number of these are seen to encircle the two 
branches (in the shape of the letter S) near the origin ; and 

* In the opinion of the writer a majority of the stars — both bright 
and faint — within half a degree of yCassiopeae belong to a single 
physical system. 



as the lower branch is less dense than the upper, these 
encircling streams give a horse-shoe-like outline to this 
rather conspicuous central nebulosity ; they also form the 
outer boundary of the lanes which Lord Rosse first ob- 
served, the inner boundary being formed by the upper 
part of the central figure S. The third, nearly radial lane, 
is included between streams 1 and 2, returning streams also 
play an important part in the formations at this place. A 
similar, less conspicuous structure exists on the other branch. 




The star-like masses in this cluster are probably of 
various shapes and have various velocities of axial rota- 
tion; this seems to be indicated by the variations in 
brightness which some of these objects are known to 
undergo. 

If two dot tracings of the figure are made (the distances 
between the dots (star images) increasing with the distance 
from the origin, measured on the curve) and one of these 
placed upside down against the other — thus giving the 
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combination for both branches — a resemblance between 
the transparency and the original cluster will be recog- 
nized. 

It is hoped that a negative suitable for enlargement, 
showing the essential features, will be obtained when this 

Ann Arbor, November 20, 1903. 



cluster is again in a favorable position for observation. It 
is quite probable that a long exposure taken with a suita- 
ble instrument will show that the whole cluster is but the 
central condensation, made up of the heavier masses, of a 
great spiral nebula. 



OBSERVATIONS OF COMETS AND MINOR PLANETS, 

MADE WITH THE 12-INCH EQUATORIAL AT THE U.S. NAVAL OBSERVATORY, 

By THEO L king. 
[Communicated by Rear- Admiral C. M. Chester, U.S.N., Superintendent.] 



Washington M.T. 


!* 


Comp. 


Ja 


^8 


App.a 


App.8 


logpA 


Red. to App. PL 








CoMBT b 1902 III (Perrinb). 




IWI d b m s 

Sept. 4 14 12 13.7 

5 13 47 32.9 

i 6 11 38 11.4 

1 7 12 43 37.7 


1-2 
3 
4 
6 


12,6 

12,6 

8,4 

13,7 


-0"38*20 
-0 30.74 
-0 47.44 
+0 1.86 


+ 2.0 
+ 9 43.8 
- 6 4.6 
+ 2 6.4 


h m ■ 

3 14 2.04 
3 12 45.71 
3 11 27.73 
3 9 47.47 


+36 13 18.2 
+36 40 66.2 
+ 37 6 53.8 
+37 38 39.8 


»9.4773 
»9.5341 
»9.7265 
n9.6468 


0.0000 
0.0644 
0.4623 
0.2233 


+4.07 
+4.11 
+4.17 
+4.24 


+ 1.2 
+ 1.4 
+ 1.4 

+ 1.7 


1 






Comet a 1903 1 (Giacobini). 




Feb. 26 7 7 36.6 

i Mar. 3 7 18 67.8 

1 4 7 19 44.2 

1 12 7 4 31.0 

13* 6 45 38.6 


6 

7 
8 
9 
10 


19,4 
28,6 
33,9 
21 , 7 
6,1 


+4 21.33 
+2 32.76 
-0 25.82 
+0 1.66 
-1 25.59 


+ 2 11.3 
+ 3 35.4 
+ 36.9 

- 6 69.6 

- 3 0.2 


23 56 28.25 
5 41.54 
7 43.82 
21 58.84 
23 14.66 


+ 14 20 16.0 
+ 16 5 32.8 
+ 16 23 42.7 
+ 17 15 1.0 
+ 17 1 26.8 


9.6711 
9.6773 
9.6780 
9.6800 
9.6786 


0.7110 
0.7198 
0.7210 
0.7206 
0.7191 


-0.20 
-0.17 
-0.16 
-0.14 
-0.14 


+ 0.6 
0.0 

- 0.1 

- 0.8 

- 1.0 


1 








(42) Isis. 




19U9 

! July 2 13 2 60.5 


11 


6,8 


+ 1 36.01 


- 1 10.9 


20 16 9.10 


-27 30 11.7 n8.8562 0.9037 +3.76 


+ 19.8 


iwt 

Apr. 17 12 14 31.8 
21 11 14 23.3 

27 12 1 29.4 

28 10 1 5.8 


12 
13 
14 
14 


28,6 
30,6 
30.6 
39,6 


+0 5.84 
-0 49.23 
-1 7.04 
-1 61.83 


(6) 

+ 13 41.2 
-13 31.7 
- 12.3 
+ 3 23.9 


Hebe. 

13 40 25.58 
13 37 0.21 
13 31 54.99 
13 31 10.20 


+ 11 5 7.7 
+ 11 28 21.2 
+ 11 67 2.9 
+ 12 39.2 


8.47560.6107 
re8.7292 0.6057 

9.00120.6012 
n9.1259 0.6003 


+ 2.29 
+ 2.30 
+2.31 
+ 2.31 


- 9.9 

- 9.6 

- 8.9 

- 8.8 





Mean Places 


of Comparison- Stars for the beginning of the 


year. 


* 


a 


S 


Authority 


* 


a 


s 


Authority 


1 
2 
3 
4 
6 
6 
7 


h m a 

3 14 36.17 
3 14 7.52 
3 13 12 34 
3 12 11.00 
3 9 41.37 
23 51 7.12 
3 8.96 


-f-36'' 13' 15.0 
-f-36 20 4.9 
+ 36 31 11.0 
-h37 11 57.0 
+37 36 31.7 
4-14 18 3.1 
+ 16 1 57.4 


B.D. +36*^680 t 
Lund, A.G. 1719 
Lund, A.G. 1712 
Lund, A.G. 1704 
Lund, A.G. 1680 
Leipzig, A.G., I, 9490 
Berlin, A.G., A, 11 


8 
9 

10 
11 
12 
13 
14 


h m 8 

8 9.80 
21 57.32 
24 40.29 
20 14 29.34 
13 40 17.45 
13 37 47.14 
13 32 59.72 


+ 16° 23 5*9 
+ 17 22 1.4 
+ 17 4 28.0 
-27 29 20.6 
+ 10 51 36.4 
+ 11 42 2.5 
+ 11 57 24.1 


Berlin, A.G:, A, SO 
Berlin, A.G., A, 100 
Berlin, A.G., A, 119 
Gould Gen.Catal. 27849 
Leipzig, A.G., I, 4923 
Leipzig, A.G., I, 4914 
Leipztg, A.G., I, 4893 



*Thi8 observation was made by Mr. J. C. Hammond, and could not 
t Micrometrical comparison with ^2. 



be completed on account of clouds. 



PERIOD OF 320 U CEPHEI, 

By S. C. chandler. 



The appearance of Mr. Yendell's paper on the light- 
curve of U Cepheiy in the last number of this journal, 
makes timely the following remarks on its period. A new 
investigation of this has been made within the past year. 
Por this calculation I reduced anew all the series of ob- 



servations whose details were available in such form as to 
enable me to determine the times of minima on a homo- 
geneous plan, independent as possible of the peculiarities 
in the form of the light-curve. This object seemed to be 
best secured by adopting as the point of reference, or in- 
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stant of normal minimum, the mean of the times, before 
and after minimum, when the star is near the middle of 
its variation, and fluctuating most rapidly. The points 
selected for this use were the magnitudes 8.3 and 8.6. The 
series so treated embraced the observations of Knott, 
WiLSiNG, Yendell, Sperra, and my own. The results 
were grouped to form normals, as follows : 



No. Mean 
Min. E Wt. 



3 
5 
4 
6 
4 
5 
5 
4 
2 
2 
7 



55 
122 
199 
258 
337 
400 
471 
546 
692 
972 
1086 



2 
6 
6 
9 

8 

5 

3 

4 

lOi 



O— C 

m 

+ 0.6 

+ 1.3 

+ 2.8 

-1.2 

-2.4 

-3.5 

-5.0 

-6.1 

-0.8 

-7.4 ! 

+ 9.8 . 



No. Mean 
Min. E 



1139 
1216 
1514 
1920 
2117 
2154 
2328 
2821 
2983 
3246 



Wt. 

5 
2 
1 
7 
9 
4 
1 
5 
1 
3* 



0-C 

m 

- 0.8 
+ 8.9 
+ 7.0 
+ 4.4 

- 2.6 

- 3.5 
-11.3 
+ 3.0 
+ 7.3 

- 4.8 



The column 0— C showi the representation of the normal 
observed times by the elements, ♦ 

1880 June 23 7^ 46-.0 (Gr.) + 2MP 49" 44-.55 E 

It may be concluded from this comparison that during the 
twenty-four years' interval since 1880 there has been no 
sensible deviation from a uniform period. On the con- 
trary, these elements give, for the minimum indicated by 
Schwerd's observations in 1828 (Epoch —7636), a devia- 
tion, O— C = +947". Unless, therefore, we are prepared 
to reject this indication, the period cannot be constant. I 
have discussed the circumstances relating to Scuwerd's 
data in A.J. IX, p. 50. For the present we must give over 
the attempt to ascertain the nature of the inequality of the 
period, and rest on the value of the above elements. 



* These values differ very slightly from those used by Tbkdkll 
in A.J. 661 (p. 214), (1880 June 23 7»» 48".5 + 2^ ll»» 49" 44».7 E), 
which were furnished him before I had incorporated some of the 
recent observations. 



EPHEMERIS OF ^VINNECKE'S COMET FOR THE APPEARANCE OF 1903-1904. 

[Br C. UILLEBRAND, from A.N. 8916.] 
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